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FOREWORD

This report in two parts, Volumes 4 and 5, constitutes a porticn of *he
£inal report documentation under Netional Aeronautics and Space Admini-
stration Contract NAS7T-377. The study is summarized in Reference

The Main Technical Report comprises Reference 1. The Main Techkrnic
Repcrt comprises Reference 2, This and twc ccompanicn rerorts (Refs. 2
L) present general engine data derived from the study which are organiZz

10

~o facilitate their incorpeoration 1iato concurrant and subsequent advar
systems studies.

Covered here are the Class C Engines (Thirty-six in aumcer) studisd In
=he trogram's initial chase. More complets study r2sults relz-ing <2
these engine concerts, includl suck areas as 3utsystam design TrE
5Tf studies and overall enisla/miszicn z2nalisisz, srs Ilven 1o Ti2
tcdy of the projecT IreIors (Saferance 2).
This volume is one of seven comprising ocumeantaticin for Centrag™ ~37-:77
"A Study of Composite Prorulsion Systems for Advanced Launch Vanlicle
Applications." +s placement in the report series is indicated telow:

Volume 1 Summary Report

Volume 2 Main Techrnical Report, Fart 1

Volume 3 Main Technical Rercrt, Part 2

— Yclume Class O Fact Sheets, Part 1

Volume 5 Class O Fact Sheets, Fart 2

Jolume 6 Class 1 Engine Information

Volume 7 Class 2 Zagine InTormaticn
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("] DUCTED FAN, WITH OR WITHOUT PLENUM BURNING ;
p" < Figure
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PREFACE

This report comprises a major porticn of the technical results of the Class O
study rvhase of NASA Contract NAST-377, "A Study of Composite Prcpulsion Sys-
tems for Advanced Launch Vehicle Applications”. This phase of the program was
Task II (of four) of the contract work statement.

Composite cycle launch vehicle engines, as defined for this study, are single
integrated propulsion systems which are ccmprised of both rocket (liguid-
propellant) and airbreathing subsystems, e.g., primary bipropellant combustors,
inlats. To date this type of powerplant nas received little systematic study
wherein common ground rules are employed to judge the possible merits cf the
large number of candidate engines.

The potential advantages offered by the more attractive composite systems in
advanced (reusable) vehicles include the following points: high payload per-
formance {exceeds the advanced rocket, roughly equals the turbomachine-type
airbreather), high operational flexibility across the reusabla-cycle missiocn
profile, ease of development in terms of the indicated major facility require-
ment for competing pure-airbreathing engines (composite engines can te seg-
mented to fit existing or planned ground test facilities which provide high
similated Mach number airflow capability).

It is the objective of the study to (1) appraise this potential for advanced,
reusable launch vehicle applications, and (2) provide technical guidance for
initiating possible research and development efforts directed toward the

+imate creation of these systems. The study inecluded consideration of both
single and multistage vehicles, for earth-orbit payload delivery. The study
concentrated on launch vehicles in the 1,000,000 pound gross weight class
which operate on hydrogen/oxygen propellants. In general, the study was
directed toward propulsion system first availability in the period 1975-198¢<
and full mission-cycle propulsion requirements from lift-off to landing was
considered. The principal performance criteria for engine ranking purposes
was payload-in-orbit to gross weight ratio. Other criteria were, hcwever,
brought into play as appropriate.

Marquardt, prime contractor, Rocketdymne and Lockheed wers associated in this
analytical and design study effort. The study extended over nine (3) months

with a final report (of which the present report is Volume 4 of seven)submitted
-0 distribution in February 1967.

- vii -
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INTRODUCTION

which specifically present

engine information derived from the NASA-contracted study, "A& Study of
Composite Propulsion Systems for Advanced Launch Vehicle Applicaticns”

(NAST-37T) -
ated with the three chronclogical phases o

The three reports (the other two are Refs. 3 and 4) are associ-
f the study and comprise varying

numbers of engine concepts and various degrees of technical penetrztion as

follows:
Report Associated
Qrder Study Phase
1 Class O
(This
Report)

2 Class
(Ref. 3)

3 Class 2
(Ref.4)

To this end the vpresent

six (36) engine concept

evaluated in the study.

Number of

Engines Included

36

Overall System Analysis

" only, perfcrmance on

three (3) reference tra-
Jjectories tased on

- "{deal” inle%t, important
~parameters "bracketed"

only.

Included subsystem con-
siderations, verformance
presented in map form,
based on realistic inlets,
conceptual designs made,
important engine variables
exercised parametrically.

Effeet of varying subsystem
and component erfficiencies
and operaticnal points
assessed, performance maps
broadened and refined,
detailed conceptual desigms
rendered based on vehicle-
stipulated sizing parameters,
approaches for structural
and thermal design and engine
control investigated.

repor< presents detailed working information on thirty-
s which were identified as the initial candidates €O be

The next sectiocn will briefly review the two engine concepts. Also the scope
and content of this report will be summarized prior to the two major engine-
oriented sec+ions of the document.

VGONFIDENTIAL
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CLASS O ENGINES

The Class O engine grouping comprises all of the candida“e systems identi-
fied and initially ordered for processing in the study. Considerations
leading to this listing of thirty-six (36) engines are described in the
Main Technical Report (Ref. 2). This is summarized in the next paragraph.

As an initial study sub-task, all composite engine types of potential
interest for launch vehicle applicstion were identified, critically reviewed
and, as appropriate, placed into a general ordered format. Among others,
the following specific techniques were used to accomplish this objective:

1. A quasi-morphological approach wherein (1) engine operating modes
and (2) engine hardware elements were used as a means 1O synthesize,
and then to analyze candidate composite engines.

2. A survey and critical reevaluation of previously identified
composite propulsion systems.

3. An attempt to invent new systems on a pragmatic, advanced launch
vehicle applications requirements basis.

Within the stated guidelines, in all, 36 engine concepts were identified
and included as Class O systems. The candidate systems are described below.

Figure 1 graphically represents these systems in terms of engine opersting
mode over the vehicle flight propulsion profile. The numerical coding (0-36)
1adicated on this figure is maintained throughout the study as basic descrip-
tors of the engines. As a note, Engine O is a "very advanced" all-rocket
system used as a baseline reference for judging the effectivity of the com-
posite engine family. It ig fully described in Reference 2. Figure 2 shows
a schematic representation for each of the thirty-six Class O concepts.

CONTENT COF TEE FACT SHEETS

Engine Description

Fach of the thirty-six (36) engines shown in Figure 1 are further
described, and their performance and physical characteristlcs are
basically related in individual Fact Sheet sets contained in this
report. Special types of information given in the Fact Sheets are:

1. Iisting of englne operating modes, and their in-flight progression
2. Propellant requirements

3. Listing of constituent engine subsystems, 1.e., engine physical
make=-up

4. Schematic diagram reflecting engine general arrangement and operation

5. Basic (generalized) design parameters (e.g., rocket primary to
secondary air flow ratio, wg/wp)
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Block diagram depiction of each engine's operating modes

Note: Items from this point on are based on a specific engine thrust

size, 250,000 1bf. at sea level static conditions.
Weight and thrust/weight ratio data
Key engine flow areas and equivalent diameters

Engine lengths, typical

Specific impulse curves (net jet) fcr thre
from 0-8C00 ft/sec (fcr engines capable of supersonic comtustion
ramjet mcdes, specific impulse is ziven for a single trajectory

£rom 8000-12,000 f%/sec).

Thrust curves (net je%) corresponding <o those corndltions stated
in 10 abcve.

Inlet capture area schedule used in determining the specific impulse
and thrust data (Items 10 and 11 above).

Total engine alr flow for the capture ares schedule given (Item 12
above).

_Tabulated computer-derived engine data for points alcng *he

reference trajectories for the 0-800C ft/sec flight velocity range.
Twenty-four (24) parametric ltems are given for each trajectory
point calculated.

General Technical Informatlon

Preceding the Fact Sheets, general technical data are provided upoz
which the specific engine information was predicated. Typical ltems
glven are:

1.

n

Inlet pressure recovery schedule (Mi1-E-5008B)
Reference trajectories (3)

CGeneral and specific examples of vehicle/engine pressure field
effects on alr flow and capture area

General subsonic combustlion ramjet specific impulse and thrust
coefficient data

General supersonic combustion ramjet specific impulse and thrust
coefficient data.

These ocurves are discussed with respect %o their applicability %o the
engine perfcrmance informaticn given in *he Fact Sheets.
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CLASS 0 CANDIDATE ENGINES
(NAME & CODING)

Baseline Rocket, Very Advanced

Hyperjet

Hyperjet- Scramjet

Basic LACE

Recycled Basic LACE

Baslc Air Augmented Rocket

Baslc Air Augmented Rocket- Ramjet

Basic Air Augmented Rocket~ Canvertible Ramjet
Basic Air Augmented Rocket~ SCRAMJET

Ejector Ramjet

Ejector SCRAMJET

Supercharged Ejector Ramjet

Supercharged Ejector SCRAMJET
Supercharged Basic Air Augmented Rocket

Supercharged Basic Air Augmented Rociket= Ramjet

Supercharged Basic Air Augmented Rocket - Convertible Ramjet — .

Supercharged Basic Air Augmented Rocket- SCRAMJET

Ajr Augmented LACE ~Ramjet

Ajr Augmented LACE - Convertible Ramjet

Recycled Air Augmented LACE = Ramjet

Recycled Air Augmented LACE ~ Convertible Ramjet

FLIGHT VELQCITY (1000 FT/SEC)
0 & 12 18

L it

|- ENGINE PROPULSION PHASES OVER THE MISSION

CANDIDATE COMPOSITE PRO

PROFILE —

24

ESTABLISH

ORBIT
RETRO

ENTRY

l L YRACK
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H fi

RamLACE

ScramLACE

Recycled RamLACE

Recycled ScramLACE

Supercharged Air Augmented LACE - Ramjet

Supercharged Alr Augmented LACE = Convertible Ramjet
Recycled Supercharged Air Augmented LACE -Ram]et

Recycled Supercharged Alr Augmented LACE - Convertible Ramjet

Supercharged RamLACE

Supercharged ScramLACE
Recycled Supercharged RamLACE

Recycled Supercharged ScramlLACE

Augmenter LACE

Recycled Augmenter LACE

Air Augmented Regenerative Monofuei Rocket - Ramjet

Air Augmented Regenerative Monofuel Rocket- Convertible Ramijet

FESTRVEE

R - P
L APEEY RN PR

R R T

2T RS

LR R SR P e Lo Rl

A R, e e

AR e ol TN et T

TR HR

11

P 4*’“*41(1‘.'

NN

A (SRS

LS G

'S

[ R S

=
-

CONFIDE!






A R It

e 1 AL . r— A S I T WA ﬂgwwwvr-t
- .- ‘3_
'3‘. ¥ -
ar Uardi van NUYS CALIJORNMIA -
CURMIRATIEN
COMPOS
SYNTHESIZED AND EY
— M — - :;____-;;_;,, ‘
T i ’ ’ e AR :‘\};;F\
- = =

Y

1 Hyperjet 2 Hyperjet- Scram|et 3 Basic LACE
——— " e e— ) \ ~
" i - ,_-——a-———-—/.‘ .
\—/t ! I ; .= < -
/ i \J LL ]

e i3
! - h e
\‘i\ ~ e~
i [ kT
= e e e Tt e

8 Basic Alr Augmented Racket- SCRAMJET

- * i
= - e e, 2 s -
" —_ : ; : < e
! L
—— ———— —— - - —————
- ! - -
= = e : 2 ™
= N = —— ; = -
~

o = e

s e

14 Supercharged Basic Air Augmented Rocxet - Ram;et

15 Supercharged Baslc Aie Au= o
Racket= Convertdie Ramjet

——— E] \./
- =
e DT —— R
= o -
[ 3
;
\\?‘
~a
[

19 Recycled Air Augmented LACE - Ramijet

< .-'.A‘ ot y
Loati ' 3 N —": #

i 'y ) ‘ ; o
=T - ——aad —— P 2 -
~ . . ., i
o w
26 Supercharged Alr Augmented 27 Recycled Supercharged Alr Augrented L
LACE - Convertibie Ramjet . S Iy

" 31 Recycled Supercharged RamLACE 32 Recycled Supercirarged ScrambLACE

-

3 .







R T car ol v srrep—ry
g g ac i VT : T ST S

ITE ENGINES =
ALUATED UNDER NAS 7-377 | s

—_ B = o
_ .'T~\ /jm' A by
- : e

: 16 Supercrarged Basic Air Augmented Rocket- SCRAMJET 17 Air Augrented LACE - Ramjet 13 Alr Augmented LACE - Convertinfe Rarjet

E -Rarjet 28 Recycled Supercharged Alr Augmented :
LACE - Canvertible Rarjet -

L e e
BN GRPAR A



-t



v v ® UNCLASS|FIED Report 25,194
Volume 4
mar Uafdf VAN NUTS. CALIFORNIA Page 6

LURIYRATIONN

Introduction to Fact Sheet Format

For familiarization purposes, as well as to convey a number of
technical notes, annotated Fact Sheet forms (blanks) are presented
in order of their appearance in the engine information secticn.
Associated schematic legend informaticn is introduced simultanecusly.

Remarks and Svecial Notes

This section contains both general information relating to such things

as how engine data were derived, guidelines and assumptions made in the
Class O study phase, etec. Also, speclal notes are provided which deal
with svpecific engines, operating modes and other specific technicel areas.

References
A reasonably comprehensive set of references are provided for the Class C
engines. These are called out in the Fact Sheets as they specifically

relate to individusl engines. The first four (4) references provide
information on the Composite Engine Study Program, itsell,

UNCLASSIFIED
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DESCRIPTION OF FACT SHEET FORMAT

Following are presented annotated Fact Sheet format blanks and associ-
ated schematic legend information. By way of reader familiarization,
both the arrangement and content of the Fact Sheets are indicated.
Where applicable, brief descriptive notes have been added to establish
assumptions or constraints on the data to be given on the engine sheets.

Also, the foregoing general figures are cited in conjunction with
individual Fact Sheet items. ‘

UNCLASSIFIED



Volume 4

Uardf VAN NUYS. CALIFORNIA Page 8

LURPORATI N

iy UNCLASSIFIED ceport 25 195
%rg

ENGINE FACT SHEET
Class 0 Composite Launch Vehicle Engines

Engine ldentification Number:=<Code Number from 0-36, as given in Figure 1

Number of different operations available

Engine Operating Modes Number (maximum) of propulsion phases \
Summary: Number of Modes/ Transitions \ ; Number of Discrete Modes Utilized
Mode Progression - Lift-off to Touch-down

» Relates the engine operating modes (e.g. Ramjet, supersonic
combustion) and the associated (approximate) transition velocities
or functions in the flight profile (e.g. Landing)

Engine Propellant RECIUirementS —x Indicates the internally stored propellant requirement
Code: (R) = Required, (V) = Required for vacuum operation, (F) = Useable for flyback mode

O] Hydrogen, liquid, 37-40°'R [J oxygen, liquid,162°R

] Hydrogen, liquid, subcooled (25 R) [ Oxygen, liquid, subcooled
(] Hydrogen, gaseous [J Oxygen, gaseous

] Other |

Engine Constituent Subsystems

= [ ists the basic hardware items making up the engine

Engine General Arrangement and Operating Schematic

Simple line schematic reflecting nominal hardware arrangement with word
call-outs as required. A special legend is provided for differentiating inlets
capable of scramjet operation as opposed to subsonic combustion operation
only. Exit systems are similarly differentiated. Two types of basic heat
exchanger systems are reflected, the type using hydrogen partially recycled
to the tank containing subcooled hydrogen (slush), and the simple straight-
through, non-recycle type. This graphical legend is shown one the following
page.

LEGEND - ENGINE SCHEMATIC

intet | Exit Supersonic Combustian

ncluding SudbiSuper Conversion) . .
inlet / Extt Sudbsonric Combustion tincluding » Pracooler / Congenser 36°R H, Precooier | Condenser 25°R H,
[

== =F B’

\ R = nl' v !

] UNCLASSIFIED
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Eng. No.

Engine Internal Operating Parameters, nominal

Lists key engine sizing and operating parameters which are normalized
or otherwise size-independent (e.g., primary rocket combustion chamber
pressure). Where -2 engines (high mass flow ratio) parameters differ
from -1 engines as given, the -2 numbers are included in parentheses.

Engine Operating Mode Block Diagrams

In flight-progression order, each of the engine operating modes called
out on the first page (and shown in Fig. 1) is depicted in block diagram
format. Flow of air, fuel, oxidizer and exhaust gasses are reflected
through the various primary components and subsystems. No numerical
data are presented, however. The special legend that applies to this
section is presented below.

LEGEND - ENGINE OPERATING MODE BLOCK DIAGRAM
Letter Symbols (Within Blocks)

| Inlet Subsystem
HE  Heat Exchanger
F Fan Subsystem
R Rocket Subsystem

MC  Mixer/Combustor l
MD  Mixer/Ditfuser Mixer/Combustor/Exit Subsystem
c Combustor
E Exit
Letter Symbols (Fluids)
H Hydrogen
0 Oxygen
A Air
X Exhaust

Graphical Symbols

fFunctioning Unit

—_———
Lo Non-functioning Unit
—_— Fluid Flow Direction

m——-
] 1}

— = Fluid Flow Through a Non-functioning Unit

—3——  Flow Mach Number )1
—+{——  Flow Mach Number Q1

—y—  Flow Mach Number is both below and above 1
at changing flight speed conditions

UNCLASSIFIED
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ENGINE PHYSICAL CHARACTERISTICS Eng. No.
Thrust, sls [ 250,000 Ibf 1t 1,112,055 newton |
Weight and Thrust/Weight Ratio
Measuring Units (English) (International)
Weight lbm kg
Thrust/Weight |bf/1bm newton/kg
Lightweight Estimate (Ibf/ind) Maximum Engire lrternal Pressure 1000 (rewtor/m<)
Subsystems: 50 100 250 1 344,7 89,5 11723.7
Fan
Heat Exchanger
Primary Rocket

Mixer/ Diffuser [ This so-called lightweight estimate is based on assessing

Combustor/Exit components and subsystems on an "advanced't state of the

Contingency " art basis. Brought into play were such materials as
Uninstalled Eng. Wt. " beryllium and reinforced high temperature plastics.
Thrust/Weight, Uninst. + Transpiration cooled structural panels were included.

Inlet Weight
Installed Eng. Wt,
Thrust/ Weight, Inst.

J Aot 4 1

Heavyweight Estimate

Y T 1 T T
Uninstalled Eng. Wt. | The '"heavyweight'' estimate is premised on relatively
Thrust/Weight, Uninst. | near term or current state of the art. Materials cur- _|

rently included in rocket and airbreathing engines only
were considered. Active cooling was limited to forced ™|

convective (regenerative) type operation with fuel, =
[ 1 1 L 2 1

Inlet Weight . -
Installed Eng. Wi. -
Thrust/Weight, Inst,

Engine Flow Areas and Equivalent

Diameters Engine Lengths
ft2 ft m2 m ft m
inlet Cowl, Ac Uninstalled
Mixer, A3 See Fig. 13 Inlet (Typ)
Combustor, A4 Installed (Typ)
Exit, A6

REMARKS, REFERENCES
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OHMORATION
ENG. NO.

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES

6000

4000

2000

Net Jet basis, with engine operation
. as indicated on second page (See Fig. 9)

1000
800

- ———+ Subsonic’ Combustion Ramjet Mode
600 — L1 1 Operation 3000-8000 ft/sec -
Jd R 1 0] unless otherwise indicated

SPECIFIC IMPULSE, Ibf/lbm/sec

400 - == _
200 ————+——t——t———t T
il _T: DU SOSEY Eotind SURDY RUUDE NDESS DR SRR BUET SRODY JEpi DS IONND JRNNY piiat
R . :..‘T_f..:;‘l:l‘:._‘._x Y DUREH RN O I R IURUE NN R I N
i - .- .o e R S SOOI B DY TR S -
[ DR Ry SAERY GENEY EEE AREN INOY EERRD UREDN IFXR1 ROURS D24 EGTN DR (RO NS SO
'+ X SRS ENA N AN N1 IN0E RRTE AN) AENR1 Y -:Tﬁ'[r T

100 - —
0 2.0 4.0 6.0 8.0

FLIGHT VELOCITY, 1000 fps
| ! i 4

]
0 0.5 1.0 1.5 2.0 2.5
FLIGHT VELOCITY, 1000 m/sec
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CURFRATION

ENG. NO.

THRUST
REFERENCE TRAJECTORIES

1000 e : ‘{ T
4000
800
v Auduwe
S =
s 3000 o
g S
o S 600 . :
8 - Ramjet (subsonic combustion) mode ——
— ; thrust does not include vehicle flow
- - field amplification benerits (Figs. 2, 7)
"u'; 2000F % - unless so stated (See Fig.1i0)
: h MISE BRI W NI W , A“;A i i +
g:: 5400 7‘l‘ : = — : T
= - = Subsonic Combustion Ramjet Mode 3
" - Operation 3000-8000 ft/sec E
= o unless otherwise indicated 3
=
ob o0 ‘
0 2.0 4.0 6.0 8.0
FLIGHT VELOCITY, 1000 ft/sec
| ! | 1 1 I}
0 0.5 1.0 1.5 2.0 2.5

FLIGHT VELOCITY, 1000 m/sec
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ORMMATION
ENG. NO.
CAPTURE AREA
REFERENCE TRAJECTORIES
20~ : = :
200 E=E :
15F o : :
. 150 e Se=e=s 2
<T : e I
L
z e : - 'l 1A{1 1{ > <
< ceas T ‘ 1
i == Engine-required inlet capture area
' % = is shown as it varies up to an
10F E = established limit ( 1.135 A ) =
.o 100 scaaabiIV sans e S e mamm: USRI S S Rha
o " t :
2 ‘[ -
< .
L T : s 1 T =
22
| 1 T T 1 T :
7]
5 = : x
x 50 2o = : : %
LL Esx - )" - . K
oL 0 s
0 2.0 4.0 6.0 8.0
FLIGHT VELOCITY, 1000 ft/sec
L I ] | ! A
0 0.5 1.0 1.5 2.0 2.5

FLIGHT VELOCITY, 1000 m/sec
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4000

3000

2000

1000
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ENG. NO.

AIRFLOW

REFERENCE TRAJECTORIES

8000

o
o
o
o

4000

2000

FLIGHT VELOCITY, 1000 m/sec

UNCLASSIFIED

— Total alrﬂow is given mcludmg that 11quef1ed g

— in liquefaction cycles Vehicle flow field =
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—————— LIMPRATION

ENG. NO.

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES

6000

4000

2000

Supersonic Combustion Ramjet Mode

4

I

Net Jet basis, with engine operation
1000 as indicated on second page. Vehicle
flow field effect on inlet contraction ]
800 iatio is considered, per Fig. & (See Fig. 11) —

SPECIFIC IMPULSE, Ibf/lbm/sec

600 _ _
: ;:%; SRS DR —;...4_..:_'__...—‘:_‘ ;_“ ) R D :.] .;4 B ..‘._4
P e = : =
En el
i [ § e

200 g df

R DOV S I Sl o 5 : ot
L LGN QTR DURUY DU PRGN PURDS PNy
Y PRIEN SRERR PURSN SR FUN SERNN PSS
IR FOURt FUEL SEUNTTURE) CONRY I EOURH ENUut PUSay SEURY SIS JROR) SRS S
) TURRN ARORY RNCES FUNES (DA SAN0 SRRRY SREDE FANVS ERON DERAN LTINS Jak oyin b
100 o8 anbag 0wt B0 0 000 rnid Sukes AeA CENE CANER FRNRE FANT) LIS BTA CRRRS TORAAUARS

8.0 9.0 10.0 11.0 12.0
FLIGHT VELOCITY, 1000 fps

L ] 1 I 1 ] 1 1
2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8

FLIGHT VELOCITY, 1000 m/sec
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CURPORATION

ENG. NO'

THRUST
REFERENCE TRAJECTORIES

1000 - ress! L; oo T " : T
4000 = 1 : ,
800 EBE= , = === L
» - s == == :
s =2
$ 3000} e . T
2 S Supersonic Combustion Ramjet Mode =
= o e T emsasass semsassnes namwecesss Sooss avows casoa!
o H 600 e B [1 - - M - 14 g - + - b
o : T === == 2= -
S iy , Ramjet (supersonic combustion) mod
g B thrust does include vehicle flow field
iy = effect per Fig. 3 (See Fig. 12)
»n 2000 o e e
=z " a00 T == ’
z T T i e
- b e : :
o (U8 ] - * T T
ﬁ 14 - E b L
: h ot e
ﬂ u > . < + b
z - e % DR 64 Y[ 4 - e - e
'_ - T + > T + I% > T T o { 14 :
= 1000F  ,q0 it ‘ , 1
= e ooses: ass: = :
oL 0 ‘ == ‘ == :
8.0 9.0 10.0 11.0 12.0

FLIGHT VELOCITY, 1000 ft/sec

L 1 1 ] ] L 1 ]
2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8

FLIGHT VELOCITY, 1000 m/sec
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CURIORATION

GENERAL TECHNICAL INFORMATION

Inlet Total Pressure Recovery
(Per Specification MIL-E-5008R)

Class O Engine performance was predicated on a free stream inlet total
pressure recovery schedule (MIL-E-5008B) given in Figure 3. As such,
a high performance variable geometry inlet is implied which is con-
sistent with the Class O guideline stipulating that the full cycle
performance potential be assessed.
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— LRI RATHES

INLET TOTAL PRESSURE RECOVERY

(PER SPECIFICATION MIL-E-5008B)
FREESTREAM CONDITIONS
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o 0.8
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e 0.6 “‘.“
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wn X
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a . =
2 0.4 =
h ®
QQ
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'— N
w e G
; ‘ o
= 0.2

0
0 2.0 4.0 6.0 8.0

FLIGHT MACH NUMBER, M

Figure 3
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CORIYRATINS

Reference Trajectories
For
Evaluating Class O Systems

Figures 4 and 5 provide the reference trajectories used for evaluating
Class O engine performance in the 0-8000 ft/sec and 80C0/12,000 ft/sec
speed ranges, respectively.

Two of the three trajectories shown in Figure 4 (A and B) are premised
on constant dynamic pressure paths follcwed by constant inlet total
pressure lines for the assumed pressure recovery schedule (MIL-E-50C8B) .
Trajectory C was determined on the basis of being approximately a maxi-
mum payload, zero-lift rocket vehicle trajectory. The vehicle was a
single-stage to orbit, "very advanced" state of the art engine system.
The trajectories were entered initially through either horizontal (ETO)
or vertical (VTO) take-off ascent paths as noted. All Class O engines'
specific impulse and thrust characteristics are given in the Fact
Sheets for each trajectory, thereby providing a performance sensitivity
index. :

Class O engines capable of superscnic combustiocn ramjet mode (18 engines)
were evaluated along the q = 1000 1b/£t2 path given in Figure 5. This
path, it may be noted, begins at the approximate end-point of Trajectory
A (Figure b4).
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REFERENCE TRAJECTORIES FOR EVALUATING CLASS 0 SYSTEMS

50

40

- 30

20

10

Pt2

ALITUDE, 1000 ft

BASED ON MIL-E-5008B PRESSURE RECOVERY

160

120

80

40 E

SELECTED ZERO-LIFT TRAJECTORVEZ=r=t=
FOR ADVANCED SINGLE STAGEZL=— ‘
ALL-ROCKET VEHICLE S S
g, = 1045 |b/ft2"“ ey, = 100 1b/in2
(5003 n/m?) S =R (689 x 103 n/m?)
e ‘sPtz = 250 Ib/in2
e (17245102 /D)
=q = 1350 lb/ftz (6464 n/m2)
EVTORGEE = =ik 2ooo Ib/ft2 (9576 n/m2)
e HTOFEE : ' %‘
0 2.0 4.0 6.0 8.0
FLIGHT VELOCITY, 1000 fps
L 1 —_—
0 05 1.0 15 2.0 2.5
FLIGHT VELOCITY,” 1000 m/sec
Figure 4
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REFERENCE TRAJECTORY FOR EVALUATING CLASS 0 SYSTEMS

q = 1000 Ib/fte

120 : R—
36— : == = -
116 . =
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7 = :31
g 112 =
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- : gl
" = 108 =
: J : : II?
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2 37 =
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100 == E : =

8.0 9.0 10.0 11.0 12.0
30~

FLIGHT VELOCITY, 1000 ft/sec
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2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8

FLIGHT VELOCITY, 1000 m/sec

Figure 5
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IRINHATHIS

Vehicle Flow Field Effects

Vehicle body/wing supersonic and hypersonic flow field effects can
significantly benefit high speed engine operation. Figure 6 represents
the air flow increase (referenced to free stream operation) for an
engine operating within flow fields created by a two-dimensional wedge
at various angles of incidence.

In addition to air flow amplification (thrust multiplication) the local
Mach number at the engine inlet is significantly reduced. The resulting
reduction in the high speed inlet design point facilitates the achieve-
ment of a satisfactory aerodynamic design. It must be noted, however,
that the thermal design is still dictated by the free stream flight
velocity.

Following Figures 7 and 8 reflect typical flow field effects as evalu-
ated in the study for the 0-8000 and 8000-12,000 ft/sec flight velocity
regimes, respectively.

The availability of a necessarily large precompression body in the pro-
pellant tankage of typical hydrogen-fueled launch vehicles is a sig-
nificant factor. Judicious vehicle/engine integration should achieve
much of the potential benefits of vehicle flow field utilization.
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JIRISMATINS

AMPLIFICATION OF FREESTREAM AIR FLOW
AND PHYSICAL CAPTURE AREA BY VEHICLE FLOW FIELD

FF = FLOW FIELD

FS = FREESTREAM
6 Eéiyﬂ‘v rrrrrrr
- e = =
< £ =
= CE 15°5

b ——

=2 =2 = ==
o = 12°5
= = ——
S = Mo : 1
= = N3 9°=
= 4 : a—
- : : - :
o T S
<§t -

. T = - —
< w : 6° ==
g < " - , =
< . 3E = __}-" :
w L o =, :

e < =
E /: e - e
Q. v == =
< T [aaes.
o = 2 = 2 3?%
~
Q T
: & :
=
2
J o
L 1
m = b
wn T ae:
< 2 2
= = :
E ne suse
< { - pe — £ - pe ' s +
0
0 4 8 12 16

FLIGHT MACH NUMBER, M,

Figure 6
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TRICRATHIY

Vehicle Flow Field Effects
0-8000 ft/sec

The thrust multiplication factor due to the vehicle flow field is shown
in Figure 7 for the three Class O reference trajectories (Fig. L). The
pressure field was assumed to be two-dimensional (a good assumption for
the configuration studied). The thrust multiplication factor is then a
function of the flow deflection angle and Mach number, as shown in Figure
7. The total deflection angle was the sum of the angle of attack, a ,
and the pressure field generator ramp angle (in this case, 1.5 degrees).
The angle of attack was calculated using an assumed vehicle weight
history and the vehicle aerodynamic characteristics.

The effect of the vehicle pressure field on the engine specific impulse
is usually guite small and was not assessed in the Class O investigations.

Tt will be noted that Class O engine performance for the 0-8000 f£t/sec
operation (subsonic combustion ramjet mode to 8000 £t/sec), subsequently
to be presented in the fact sheets, does not include a vehicle flow
field effect (i.e., free stream data).
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T i — LORPURATION

VEHICLE FLOW FIELD EFFECTS

0-8000 ft/sec FLIGHT VELOCITY

REFERENCE TRAJECTORIES
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Figure 7
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CURITRATH N

Vehicle Flow Field Effects
8000-12,000 ft/sec

For the flight regime where supersonic combustion ramjet mode operation
is used, flow field effects assume a major role in efficient engine
operation. A parameter of prime importance is inlet (net) contraction
ratio which is the product of contraction within the physical cowl
(Ac/Ag) and the vehicle body precompression ahead of the physical engine
cowl (A_ /Ac)-

Figure 8 reflects a typical two-dimensional flow field effect in terms

of capture area and air flow amplification. This factor is used to
inerease the net inlet contraction ratio significantly above the physicel
(cowl/minimum engine area ratio).

Tt will be noted that Class O engine performance in the superscnic com-
bustion mode (i.e., » 8000 ft/sec) includes the flow field effect indi-
cated in Figure 8.
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CURKIRATION

VEHICLE FLOW FIELD EFFECTS

8000-12,000 ft/sec FLIGHT TRAJECTORY
q = 1000 Ib/ft2
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TRIYRATHIN

Subsonic Combustion Ramjet

Net Jet Specific Impulse

Specific impulse performance potential is provided in Figure 9 on a net
jet basis, as a function of flight condition for the subsonic combustion

ramjet mode.

This performence is based on stoichiometric combustion (subsonic) with
hydrogen fuel, MIL-E-5008B inlet performance, combustion and nozzle
efficiencies of 0.95 and 0.98, respectively. It is further stipulated
that the exit nozzle setting is varied to provide optimum expansion,

but cannot exceed the maximum capture area by more than a factor of 1.5.
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CURMORATION

SUBSONIC COMBUSTION RAMJET
NET JET SPECIFIC IMPULSE

HYDROGEN FUEL

EQUIVALENCE RATIO = 1.0

INLET PRESSURE RECOVERY PER MIL-E-5008B
VARIABLE INLET CAPTURE AREA

A6 max/Ac max = 1.5

'ﬂc COMBUSTION = 0.95
nN NOZZLE = 0.98

4200 L
£ === ALTITUDE, =
3800 : N 1000 ft
# (1000 m) =
=t '};%'36%6 ==
I N (10.9-20.3 =
3400 = =
=090
N (27.9)
3000 %
EX=110
(33.6)
2600E i
= 130
e =(39.,6)
2200 39.
0 2.0 4.0 6.0 8.0
FLIGHT MACH NUMBER, M_
Figure 9
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TIRICIRATHIN

Subsonic Combustion Ramjet Net Jet

Thrust Coefficient Based on

Free Stream Capture Area

Subsonic combustion ramjet mode thrust potential is reflected in the
curves of FigurelO. Thrust (net jet) is the product of the value of
this coefficient at the flight path point of interest, the dynamic
pressure, and the inlet capture area.

This performance is based on stoichiometric combustion (subsonic) with
hydrogen fusl, MIL-E-5008R inlet performance, combustion and nozzle
efficiencizs of 0.95 and 0.98, respectively. It is further stipulated
that the =xit nozzle setting is varied to provide optimum expansion,

but cannot =xceed the maximum capture area by more than a factor of 1.5.
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CURPORATION

SUBSONIC COMBUSTION RAMJET NET JET THRUST COEFFICIENT

o

NET JET THRUST COEFFICIENT, CFA
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1.01F

BASED ON FREESTREAM CAPTURE AREA

HYDROGEN FUEL
EQUIVALENCE RATIO = 1.0

INLET PRESSURE RECOVERY PER MIL-E-5008B
VARIABLE INLET CAPTURE AREA
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Figure 10
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CURIYRATION

Supersonic Combustion Ramjet

Net Jet Specific Impulse

Supersonic combustion ramjet mode specific impulse potential is provided,
on a net jet basis, in Figure 11 as a function of total inlet contraction
ratio.

These performance data are based on stoichiometric combustion (supersonic)
of hydrogen, an inlet kinetic energy efficiency of 0.985, and exit expan-
sion-to-totel capture area ratio of 1.5. Combustion efficiency and
nozzle efficiency are assumed as 0.95 and 0.98, respectively.

UNCLASSIFIED



e 4 % YR - Report 25,194
Harquardt v
ar luar VAN NUYS. CALIPORNIA Page 33

CORPOKATION

SUPERSONIC COMBUSTION RAMJET SPECIFIC IMPULSE
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Figure 11




e v UNCLASS'FIED Report 25, 194
Volume 4
%I’ uardf Vaw WUTS. CALFORNIA Page 34

CORIYIRATION

Supersonic Combustion Ramjet Net Jet

Thrust Coefficient Based On

Free Stream Capture Area

Supersonic combustion ramjet mode thrust potential (CF) is reflected
as 2 function of total inlet contraction ratio in Figure 12. These
data are for a dynamic pressure of 1000 lb/ft2 corresponding to the
flight path of Figure 5. The total inlet contraction ratio (abcissa)
is derived as a product of the physical cowl-to-combustor contracticn
ratio and the flow field amplification factor given in Figure 8.

These performance data are based on stoichiometric combustion (supersonic)
of hydrogen, an inlet kinetic energy efficiency of 0.985, and exit expan-
sion-to-total capture area ratio of 1.5. Combustion efficiency and
nozzle efficiency are assumed as 0.95 and 0.98, respectively.
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SUPERSONIC COMBUSTION RAMJET NET JET SPECIFIC IMPULSE
BASED ON FREESTREAM CAPTURE AREA
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Figure 12
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INSTALLED ENGINE STATION NOMENCLATURE

1 A 1
A A, Ay 4 Ay Ag
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< Vey I |
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FUEL INJECTOR
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=
i

Ap (PRIMARY EXIT AREA)

FOR CONSTANT AREA MIXER Ay + Ap =Ag

SHOCK FOR CONSTANT AREA COMBUSTOR A,'=A,

Figure 13

Engine Flow Area Station Nomenclature

Figure 12 presents the standardized nomenclature used in the composite
engine study. Reflected in the engine are the several thermodynamically
significant flow stations. Further, possible vehicle installation effects
are shown in (1) the inlet flow field geometry (see Fig. 5), and (2) the
"post engine" further exit expansion which can take place on the vehicle

surface adjacent to the engine nozzle. See also the nomenclature listing
provided at the end of this section.
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IRIYRATH I

Flight Velocity/Mach Number/Altitude

Correlation Curve

Although the basic engine performance information presented in this
report is given on the basis of flight velocity (ft/sec, m/sec), much
of the general information, as well as intermediate computations, is
most conveniently stated in terms of Mach number. Figure 14 has been
prepared to assist in approximate coversion of these velocity terms.
The altitude ordinate is extended to the terminal point of the 8000~
12,000 ft/sec reference trzjectory (to be. introduced), 140,000 ft.
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1LRIVRATIS

FLIGHT VELOCITY/MACH NUMBER/ALTITUDE CORRELATION CURVE

U, S. STANDARD ATMOSPHERE, 1962
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Figure 14
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REMARKS AND SPECIAL NOTES

This section consists of both general remarks and special notes, appli-
cable to a single engine, for example. In most cases, these items have
been otherwise posted in one of the following places:

(1) On the blank Fact Sheet forms provided for familiarization purposes
(preceding) .

(2) At appropriate locations on the individual Fact Sheets ; €.8., ON
the performance curves.

(3) In the "Remerks, References” section, page ¢ of the individual
Fact Sheets.

Following, then, are remarks and special notes in which the subject area
is flagged via underlining in each case.

1. Low and High Flow Ratio Engines are presented in certain instances.
Flow. ratio, air-to-primary rocket mass flow, at sea level static con-
ditions is an important engine design parameter. Low flow ratio designs
(typically 1.5:1) are signified by -1, and high flow ratio designs
(typically 3.0:1) are signified by -2, following the engine number.

For example, Engine 9-1 is a low flow ratio Ejector Ramjet cycle system.

2. Secondary Air Flow, plotted vis 3 vis data tabulations--An irregu-
larity exists relative to the numerical data shown for secondary air
mass flow rate (wg) and capture area (Ag). As plotted om the curves,
total engine flow and required capture area are given. As listed in
the data print-out, mixer or combustor flow and the corresponding aresa
only are given; air liquefied in applicable engines is not included.

3. Internal Engine Efficiencies are, unless otherwise indicated, &s

follows:
Mixing Efficiency, 7, = 0.80
Combustion Efficiency (rrimary and secondary), nN. = 0.95

c

Nozzle Efficiency (energy, not velocity basis), n, = 0.98

UNCLASSIFIED
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LORITRATION

L, Recycle Time Limit for vehicles employing subcooled hydrogen occurs
because of total heat sink limits of fuel. The time limit normally
occurs at a flight velocity beyond which recycle operation is no longer
desirable. This limitation is a function of total vehicle subcooled
hydrogen mass and conditions (percent slush) and engine heat rejection
rate.

Therefore, the time limit is strictly a function of vehicle application
and must be evaluated for each case.
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ENGINE FACT SHEET
Class 0 Composite Launch Vehicle Engines

Engine ldentification Number: 0 Baseline Rocket, Very Advanced
Engine Operating Modes

Summary: Number of Modes/ Transitions 1 ; Number of Discrete Modes Utilized =
Mode Progression - Lift-off to Touch-down

(Takeoff) Rocket (Orbital speed, space maneuvering and deorbiting) Rocket
aided by drogues and parachutes (Landing), or additional airtreathing
engines (Flyvack and landing)

Engine Propellant Requirements
Code: (R) = Regquired, (V) = Required for vacuum operation, (F) = Useable for flyback mode

[&] Hydrogen, liquid, 37-40 'R ] [&] Oxygen, liquid,162°R

[ Hydrogen, liquid, subcooled (25 "R) [ Oxygen, liquid, subcooled
[J Hydrogen, gaseous (] Oxygen, gaseous

O Other |

Engine Constituent Subsystems

Rocket

Engine General Arrangement and Operating Schematic

T — -1
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CORPORATION

Internal Operating Parameters, nominal
P, = 2000 psis, 0/F = 6.5
WGG/WTOT = 0.0203, AEm/At = 80

Operating Mode Block Diagrams

@ — X
0 R =—

Eng. No.

0
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ENGINE PHYSICAL CHARACTERISTICS

Thrust, sls

Weight and Thrust/Weight Ratio
Measuring Units

Weight
Thrust/Weight

Lightweight Estimate

Subsystems:
Fan

Heat Exchanger
Primary Rocket
Mixer/ Diffuser
Combustor/Exit

Contingency

Uninstalled Eng. Wt.
Thrust/Weight, Uninst.

Inlet Weaight

Installed Eng. Wt.
Thrust/ Weight, inst.

Heavyweight Estimate

Uninstalled Eng. Wt.
Thrust/Weight, Uninst.

Inlet Wzight

Installed Eng. Wi.
Thrust/Waight, Inst,

Engine Flow Areas and Equivalent
Diameters

inlet Cowi, A
Mixer, A3

c

Combustor, A4
Exit, Ab

Volume 4
Page 44
Eng. No._20
[ 250,000 Ibf 1t 1,112,055 newton ]
(English) (International)
[bm kg
Ibf/ Ibm newton/kg

(lbf/inz) Maximum Engire literral Pressure 1000 (ne'Ntor/mZ)

20

100

220

(344,7

©89,2

1 723.7 |

-

1397

£33.7

179

1756

1563

160 _

~1 KO
KO 10
;

-
Jt 1

ft2

ft

m2

43,0

REMARKS, REFERENCES

"Very advanced" S
ineludes tank pressurization
(Reference 22)

 systems.

sl m LR B ) g

tate-of -the-art. rocket engine.
heat exchanger and thrust vector CoLv

[

Engine Lengths

Uninstalled
Iniet (Typ)

Installed (Typ) 4,3

-

Installed thrust/weiznt

rol
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SPECIFIC IMPULSE
REFERENCE TRAJECTORIES

ENG. NO._S
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1000
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o

600

400

200

ENG. NO.__°

THRUST
REFERENCE TRAJECTORIES

ALLS
0 2.0 4.0 6.0 8.0
FLIGHT VELOCITY, 1000 ft/sec
1 1 L I 1 J
0 0.5 1.0 1.5 2.0 2.5

FLIGHT VELOCITY, 1000 m/sec
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ENG. NO.__ 0

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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ENG. NO. 5

THRUST
REFERENCE TRAJECTORIES
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ENGINE FACT SHEET
Class 0 Composite Launch Vehicle Engines

Engine Identification Number: 1 Hyperjet
Engine Operating Modes

Summary: Number of Modes/ Transitions 5 _; Number of Discrete Modes Utilized 2
Mode Progression - Lift-off to Touch h-down

(Take off) Rocket (2000-3000 ft/sec) Ramjet, subsonic combustion (6000-8000 2t/sec’
Rocket (Orbital speed, space maneuvering and deorbiting) Ramjet, subsonic com-
bustion (Flyback) Rocket (Landing)

Engine Propellant Requirements
Code: (R) = Required, (V) = Required for vacuum operation, (F) = Useable for flyback mode

[&] Hydrogen, liquid, 37-40°R &] Oxygen, liquid,162°R

O Hydrogen, liquid, subcooled (25 "R} [ Oxygen, liquid, subcooled
[ Hydrogen, gaseous [0 Oxygen, gaseous

O Other A' |

Engine Constituent Subsystems

Inlet, combustor, exit

Engine General Arrangement and Operating Schematic

e INLET -‘» COMBUSTOR T EXIT —

\/ FUEL AND OXIDIZER
INJECTORS
CLOSEABLE <~ e

INLET— ===

/TUR BOPUMP ASSEMBLY

F 0

.



Report 25,194

Volume 4
____a_r ’Uardf VAN NUYS, CALIPORNIA Page 50 |

CURM MRATION
Eng. No. *

Engine Internal Operating Parameters, nominal

PC-RKT = 250 psia, O/F = 5.0, AEXIT/At = 20 (46)
pc-RJ = 250 psia, # =1,0

Engine Operating Mode Block Diagrams
H

[

A L |
— | C kBT
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Hyperjet. Section of

combustion pressure, therefore only a sm
Jectories.

weight reduction with

inlet from closure aft must withstand rocket
all porticn of inlet galis
(References 10, 10,

" "

lower '@

-
T2
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ENGINE PHYSICAL CHARACTERISTICS Eng. No._l-l
Thrust, sis [ 250,000 lbf i1 1,112,055 newton |
Weight and Thrust/Weight Ratio
Measuring Units TEnglish) (International)
Weight ibm kg
Thrust/Weight Ibf/1bm newton/kg
Lightweight Estimate (Ibf/inz) Maximum Engire litermal Pressure 1000 (rewtor/m<)
Subsystems: _50 1 100 250 344.7 £89,5 11723.7 |
* Inlet Section 1,896 1.896 1,896 860.0f 860.0 86Q.3
Inlet Valve . 1,311 1,311 1,311 504, 7 594, 7 594, 7
______ Combustor/Exit 2,346 | 2,346 |2, 346 T o4, 1|1 Ood L | 1,064,1
(Contingency 235 235 235 106,6] 106,0 10c, 0
Uninstailed Eng. Wt. 5,788 5,788 }5,788 2 625,412, 625,41 2,023, 4
Thrust/Weight, Uninst. 43,2 43,2 43,2 424 424 424
inlet Weight (Remaining) | 1,106 1,264 |1,6833 501,71 573.4 §31.4
Installed Eng. WL, 6, 894 7,052 7,621 3.127,113,108.8 | 3, 450. 3
Thrust/ Veight, Inst. 36,3 35,51 32 356, 318 322
Heavyweight Estimate
Uninstalled Eng. Wt. 6,946 6,946 16,946 3.150,713,150,7 1 3, 13¢,° !
Thrust/Weight, Uninst. 36,0 3640 36,0 353 3583 332
Inlet Waight 1,074 12,656 %7,798 5, 023,2]5,740.8 | 8,073.2 4
installed Eng. Wt. 8,020 19,602 P4 744 3 173.918,891.5 J11,223,2
Thrust/Weight, Inst. 13,0 13,3 10,1 136 130 ao
Engine Flow Areas and Equivalent
Diameters Engine Lengths
&2 ft mZ m ft m
Iniet Cowl, Ac 79.1 10.03 2 ag 1 06 * Uninstalled 19,2 = 8z
Mixer, A, * |nlet (Typ) 27,5 8,38
Combustor, Ay | 69.0 9,37 6, 41 2. 86 Installed (Typ){ 16,7 14,23
Exit, Ay 110,0 1 11,83 jl1o,22 3,61
REMARKS, REFERENCES
%*
mode
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SPECIFIC IMPULSE, Ibf/lbm/sec
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ENG. NO._L1°1

THRUST
REFERENCE TRAJECTORIES
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CURMORATION

ENG. NO._L1-1

CAPTURE AREA
REFERENCE TRAJECTORIES
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TOTAL AIRFLOW, Ibm/sec

ENG. NO._1-1

AIRFLOW

REFERENCE TRAJECTORIES
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1X\R RATION
ENGINE PHYSICAL CHARACTERISTICS Eng. No._Ll-2
Thrust, sls o 250,000 Ibf 11 1,112,055 newton |
Weight and Thrust/Weight Ratio
Measuring Units (English) (International)
Weight ibm kg
Thrust/Weight (bf/1bm newton/kg
Lightweight Estimate (Ibf/in) Maximum Engire liternal Pressure 1000 (rewtor/m<)
Subsystems: 5Q 100 250 (1344,7 689,5 11723.7 |
* |nlet Section |1, 368 4, 308 4,368 1,981,3f 1,981,3} 1,981.3
Inlet Valve 3,022 3,022 3,022 1,370.8] 1,370.8{ 1,370.%
Comt?ustor/Exnt 5,372 5,372 5, 372 2, 436,71 2, 43¢, 7} 2,430, 7
Contingency 537 537 537 243,0]  243,6] 243.0
Uninstalled Eng. Wt. 13.299 113.299 113,299 1| 6,032,4] 6,032,4] 6,032,2
Thrust/Weight, Uninst. 18.8 188 18, 184 184 124
Inlet Weight (Remaining) | 2, 548 2,912 4,222 1.155.80 1,320,0} 1,913,1
Installed Eng. Wt. 15,847 16,211 | 17,521 7.188,2] 7,353,3] 7,247, ¢
Thrust/ Weight, Inst. 15,8 15,4 14 155 151 140
Heavyweight Estimate '
Uninstalled Eng. Wt. 4,629 14,629 14,629 6,635, 7] 5,035, 7] £, 025, 7
Thrust/Weight, Uninst. 17.1 17.3 17 168 168 1o
Inlet Weight : 5,494  |29,130 | 40,97 11,564,113, 216,1}18, 585,
Installed Eng. Wt. 40 123 143,765 | 55,602 |]18,199.8|19 851.8§25,221.1
Thrust/Waight, Inst. 6,2 _ 5.7 4.5 61 56 11
Engine Flow Areas and Equivalent
Diameters Engine Lengths
ft2 ft m2 m ft m
* *
Inlet Cowl, A | 1851 | 15,23 |] 16.92] 4.6 Uninstalled 242 I} 7 33
Mixer, Ay *|nlet (Typ) 37.9 |1 11,55
Combustor, Ay | 158,3 | 14,20 ]| 14,71} 4,33 Installed (Typ)| 62,1 118,23
Exit, Ay 252,5 1 17,93 23,46 5,47

REMARKS, REFERENCES
%*

Zection of inlet and inlet valve used for rocket chamber.
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CURMORATION
ENG. NO._1-2

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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LRPURATION
ENG. NO._1-2
THRUST
REFERENCE TRAJECTORIES
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CORPURATION
ENG. NO._1-2
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CURMORATION

ENG. NO. _1-2

AIRFLOW
REFERENCE TRAJECTORIES
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CURMORATION

ENGINE FACT SHEET

Class 0 Composite Launch Vehicle Engines

Engine ldentification Number: 2 Hyperjet- Scramjet
Engine Operating Modes

Summary: Number of Modes/ Transitions ¢ ; Number of Discrete Modes Utilized =

Mode Progression - Lift-off to Touch-down. o

(Take off) Focket {2000-30C0 £t /sec) Ramjet, subsonic combustion (£000-5000 £+ /sec)
famjet, sursrsonic combustion (10,000-14,000 ft/sec) Rocket (Orbital speed, space
maneuvaring and deorbiting) Ramjet, subsonic combustion (Flyback) Rocket {Landing)

Engine Propellant Requirements

Code: (R) = Reguired, (V) = Required for vacuum operation, (F) = Useable for flyback mode

=] Hydrogen, liquid, 37-40 R ] Oxygen, liquid,162°R
O Hydrogen, liquid, subcooled (25 R) ] Oxygen, liquid, subcooled
[J Hydrogen, gaseous : ] Oxygen, gaseous

O Other

Engine Constituent Subsystems

Inlet, combustor, exit

Engine General Arrangement and Operating Schematic

e INLET . T COMBUSTOR———’* EXIT —»

FUEL AND OXIDIZER
CLOSEABLE INJECTORS _—
INLET Y

TURBOPUMP ASSEMBLY
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T ——— UURMORATION
Eng. No. 2

Engine Internal Operating Parameters, nominal

P = 250 psia, O/F = 5.0, AEXIT/At = 20 (46)

c-RKT

P = 250 psia, # = 1.0, AC/A3=1.15

c-RJ

Engine Operating Mode Block Diagrams
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CURIVRATINN

Eng. No. _ °

The following information for Engine No, 2
appears in the fact sheets previously given
for Engine No. 1.

Engine Physical Characteristics

Weight, Thrust/Weight, Flow Areas, Lengths
Engine Performance: 0-8000 ft/sec

Specific Impulse, Thrust, Airflow, Capture Area

References and additional remarks

UNCLASSIFIED



Report 25,194

¢ . fowivi .“.-‘."‘ ' s
% AR Volume 4
arquardf YaM NUYS. CALIFORNIA Page 72

1XNIRATION

ENG. NO._2-1

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES

6000

4000

2000 _ =

1000
800

600

SPECIFIC IMPULSE, Ibf/lbm/sec

: . Ty
L. - . . -] Y SR Y R Y OO
. Y U S I . .. ' PO N e o PRI DR
4 1.1 - . . ... . A B BN R e S
200 - B N K . .. .. i - NS SR -} -
R R R et O . . . . S Y PR SRS Ui U & ..
- .- [ PO -4 - e . . FETUN RO T P P E TIPS SRR
" iy
¢ bt e

. L IA‘u !L.;..“ ﬁ“.ﬂ . , oy O DU DU R

- ',144 o p W I JL i ! 1‘.‘;‘ ;’1’,"‘*“,? ,, . -

Loo LLotIHhl e ok e e

8.0 9.0 10.0 11.0 12.0
FLIGHT VELOCITY, 1000 fps

L ] 1 I 1 1 ] )
2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8

1!

“i-F
11

T

FLIGHT VELOCITY, 1000 m/sec



. .5_123;‘;”_;. Report 25,194

w4 Ny .\l
m Volume 4
: i ar luardi VAN NUTS, CALIFOENIA Page 73

CORPORATION

ENG. NO._2-1 _

THRUST
REFERENCE TRAJECTORIES
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LIMA RTINS
ENG. NO._2-2___

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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VRFURATION

ENG. NO. 22 __

THRUST
REFERENCE TRAJECTORIES
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LURPURATION

ENGINE FACT SHEET
Class 0 Composite Launch Vehicle Engines

Engine ldentification Number: 3 Basic LACE
Engine Operating Modes

Summary: Number of Modes/ Transitions 3 ; Number of Discrete Modes Utilized 2
Mode Progression - Lift-off to Touch-down

(Take off) Liquid Air Cycle Engine (LACE) (£000-8000 ft/sec) Rocket (Crbital
speed, space maneuvering and deorbiting) LACE (Flyback and landing)

Engine Propellant Requirements
Code: (R) = Required, (V) = Required for vacuum operation; (F) = Useable for flyback mode
Hydrogen, liquid, 37-40°R ~ Eloxygen, liquid,162°R
U Hydrogen, liquid, subcooled (25 R) ] Oxygen, liquid, subcooied
[] Hydrogen, gaseous ] Oxygen, gaseous

[ Other
Engine Constituent Subsystems

Inlet, n2at =xchanger, combustor, =xit

Engine General Arrangement and Operating Schematic

HEAT THRUST
e———— INLET ————-'-— EXCHANGER —f le——— CHAMBER ——=

o

Uy /
“/ o —TURBOPUMP

ASSEMBLY

IERYY L
ihen 18

o
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SURPORATION

Engine Internal Operating Parameters, nominal

= 100 i = 8.0
PC-LACE 0C0 psie, ¢SLS
L = 1000 msie, AEXIT/A*; = 80

2 L1 X
o | K= HE " C

sz -

e N X
;w; HE C r—

Eng. No.
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ENGINE PHYSICAL CHARACTERISTICS Eng. No._23
Thrust, sls B 250,000 Ibf 1 1,112,055 newton |
Weight and Thrust/Weight Ratio
Measuring Units (English) (International)
Weight Ibm kg
Thrust/Weight |bf/1bm newton/kg
Lightweight Estimate (Ibf/in) Maximum Engine Irternal Pressure 1000 (rewtor,/m<)
Subsystems: 5Q 100 0 T}M'? 689,5 11723.7
Fan
Heat Exchanger 6603 7060 7382 2095.1 ] 3202 4] 3343
Primary Rocket 2500 | 2500 2500 1134,0] 1134,0] 11340
Mixer/Diffuser
Combustor/Exit
Contingency
Uninstalled Eng. Wt. 9103 9560 9882 4120, 1] 4336,.41 4482, %2
Thrust/Weight, Uninst. 27,5 26,2 25.3 270 257 348
* |njet Weight 3500 3480 3306 1587.0 1 1378.5} 1499, 0
Installed Eng. Wt. 12603 13040 13188 : 5014.9] 5982,
Thrust/ Weight, inst. 19.8 19,2 19,0 104 188 186 i
Heavyweight Estimate .
Uninstalled Eng. Wt. 10924 11472 11858 4955,1 5203,7] 35234,9 !
Thrust/Weight, Uninst. 22,9 21.8 21.1 225 214 207 ‘
* |nlet Weight 14000 13920 12825 6350, 4 5314,1] 5817.4
installed Eng. Wt. 24924 25392 24683 11305.5 § 11517, 8111190,2
Thrust/Weight, Inst. 10,0 9,9 10,1 98 97 Qg
Engine Flow Areas and Equivalent
Diameters Engine Lengths
£t2 ft m2 m ft m
*|nlet Cowl, Ac 87.0 10.53 8. 08 3 5 Uninstalled
Precooler 92. 4 10. 85 8.58 3,31 Inlet (Typ)
Combustor, A, 7.1 3.00 0.66 0,91 Installed (Typ)
Exit, Ag 92.4 10. 85 8,58 3,31

REMARKS, REFERENCES

% Tnlet size varies with trajectory, Ac is for B trajectory.

Basic LACE.

Performance utilizes vehicle flow field effect in limited

fasnion to insure satisfaction of heat exchange air flow requirement.
/ReSevences 7, 10, 195)
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SORMMATION
ENG. NO.__3

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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ENG. NO.__3
THRUST

REFERENCE TRAJECTORIES
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CORM R ATION

ENG. NO._3

CAPTURE AREA
REFERENCE TRAJECTORIES
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AIRFLOW

REFERENCE TRAJECTORIES
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LURMORATION

ENGINE FACT SHEET
Class 0 Composite Launch Vehicle Engines

Engine ldentification Number: 4 Recycled Basic LACE
Engine Operating Modes

Summary: Number of Modes/ Transitions 2 ; Number of Discrete Modes Utilized _=
Mode Progression - Lift-off to Touch-down

(Take off) Liquid Air Cycle Engine (LACE) recycled hydrogen (£000-8CC0 £+ /sec)
Rocket (Orbital speed, space maneuvering and deorbiting) LACE (Flyback and
Landing)

Engine Propellant Requirements
Code: (R) = Required, (V) = Required for vacuum operation, (F) = Useable for flyback mode

[ Hydrogen, liquid, 37-40°R ] | Oxygen, liquid,162°R
Hydrogen, liquid, subcooled (25 R) [J Oxygen, liquid, subcooled
(] Hydrogen, gaseous _ [J Oxygen, gaseous

[ Other

Engine Constituent Subsystems

Inlet, heat exchanger, combustor, exit
Engine General Arrangement and Operating Schematic

HEAT THRUST
e————— INLET a‘»— EXCHANGER —-‘ le—— CHAMBER —=

=\

S ————TURBOPUMP
F& Q== ASSEMBLY
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CURMORATION

Eng. No. -

Engine Internal Operating Parameters, nominal

= = 1 vsi ) = 4.0
T -LACE 1000 psie, Pgrg

= 1000 psia,

/A = 0
P _RKT hayor/Bs

Engine Operating Mode Block Diagrams

H
@ Tank

A L X
— | K HE —= C P—
o" |




Report 25,194

P .‘ ’1; 3 ) "' ] ' ;‘ b
m' . - 7..!” .o »
Volume 4
%rquam'f Page 91
CURF RATRON
ENGINE PHYSICAL CHARACTERISTICS Eng. No.__%
Thrust, sis 1 250,000 Ibf 1 1,112,055 newton |
Weight and Thrust/Weight Ratio
Measuring Units ~ (English) (International)
Weight {bm kg
Thrust/Weight Ibf/1bm newton/kg
Lightweight Estimate (Ibf/ind) Maximum Engire Irternal Pressure 1000 (rewtor/m<)
Subsystems: 20 100 250 344.7 689,5 11723,7 |
Fan
Heat Exchanger 9172 9305 10,158 4160.4 | 4220.7] 4607.6
Primary Rocket 2500 2500 2500 1134,0] 1134.0f 1134.0
Mixer/Diffuser
Combustor/Exit
Contingency
Uninstalled Eng. Wt. 14053  |14241 15171 6374,4 1 6459, 7] 6881.0 |
Thrust/Weight, Uninst. 17.8 17.6 16,5 175 173 162
*|nlet Weight 5775 4080 3596 || 2619,51 1850,7] 1631.1
Installed Eng. Wt. 19828 [18321 18767 8993.9 | 8310,4) 8512, 7 |
Thrust/ Weight, Inst. 12,8 13,5 12 124, 133 120
Heavyweight Estimate
Uninstalled Eng. Wt. 15458 13663 16688 7011.7 ] 7105.6] 7569,7
Thrust/Weight, Uninst. 16,2 16,0 15,0 159 157 147
Inlet Weight 23100  }16320 - 13950 10478,2 | 7402.8] 6327.7
* |nstalled Eng. Wi. 38558 {31985 30638 17489,9 | 14508, 4]13897.4
Thrust/W=aight, Inst. 6.5 7.8 8, 64 77 80
Engine Flow Areas and Equivalent
Diameters Engine Lengths
f2 ft m? m ft m
* {nlet Cowl, Ac 102.0 | 11,40 9. 48 34 Uninstalled
Precooler 120.0 | 12.36 §] 11.15 ] 3.77 Iniet (Typ)
Combustor, A4 7.1 3,00 0. 66 0.9 Installed (Typ)
Exit, A, 92.4 | 10.85 8, 58 3,31

REMARKS, REFERENCES

#* Tnlet size varies with trajectory, Ac is for B trajectory.

Recycled Basic LACE. Performance utilizes vehicle flow fielld effects
:n limited fashion to insure satisfaction of heat exchanger air Tlow
requirement. Recycle time limit I1s expected <o limit operating time
siznificantly. (References 7, 10, 1&, 15)
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CORMORATION .
ENG. NO._ 4

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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VIR IRATION

ENG. NO. __ %

THRUST
REFERENCE TRAJECTORIES
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ORI IRATION
ENG. NO. 4
AIRFLOW
REFERENCE TRAJECTORIES
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ENGINE FACT SHEET
Class 0 Composite Launch Vehicle Engines

Engine Identification Number: 5 Basic Alr Augmented Rocket

Engine Operating Modes
Summary: Number of Modes/ Transitions 3 ; Number of Discrete Modes Utilized 2
Mode Progression - Lift-off to Touch- down

(Take off) Air augmented rocket, simultaneous mixing and turning cycle
(6000-3000 ft/sec) Rocket (Orbital snend, Space maneuve 1ng and deortiting)
Air augmented rocket, simultaneous mixing and burning cyels (Flyback and
landing)

Engine Propellant Requirements

Code: (R) = Reguired, (V). = Required for vacuum operation, {F) = Useable for flyback mode

2] Hydrogen, liquid, 37-40°R [E£] Oxygen, liquid,162°R

O Hydrogen, liquid, subcooled (25 “R) ] Oxygen, liquid, subcooled
[ Hydrogen, gaseous [J Oxygen, gaseous

] Other ' '

Engine Constituent Subsystems

nlet, rocket, mixer-combustor, exit

Engine General Arrangement and Operating Schematic

e INLET T MIXER/COMBUS TOR ———wte—EXI T —

@ ////ed
N -

PRIMARY THRUST
/%/ CHAMBER ASSEMBLY
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CURPURATHON
Eng. No. °

nm—

Engine Internal Operating Parameters, nominal

P__gpkT = 1000 psia, O/F =7.94-4.0

(Initial Operation is Inlet-Closed All Rocket During
Otherwise Negative Augmentation Phase for 5-1 only)

WS/Wp (1000 ft/sec, B trajectory) =1,75, (Ws/Wp = 4,67 SLS)
A4/A3 = 1,00

Engine Operating Mode Block Diagrams

o—t
{—)i-.l ' R P MC (= 2 .
0 =TI

® H -——-— r——=9

' T j R
|1 RP=IMClg I E 19—
] L___1 "RL___]

J
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ENGINE PHYSICAL CHARACTERISTICS Eng. No.__5-1
Thrust, sis [ 250,000 |bf 1 1,112,055 newton |
Weight and Thrust/Weight Ratio |
Measuring Units (English) (International)
Weight Ibm kg
Thrust/Weight {bf/1bm newton/kg
Lightweight Estimate (Ibf/ind) Maximum Engire literral Pressure 1000 {rewtor/m<)
Subsystems: 50 100 250 1 344,7 689.5 23
Fan
Heat Exchanger
Primary Rocket 2720 2720 2720 1233,8 1233,8}) 1233,3
Mixer/Diffuser 748 1088 1496 339,3 493,5{ o078.0
Combustor/Exit 1496 1706 2312 578,06 773.8| 1048.7
Contingency 496 551 653 223.0 >ia. a0l osap o
Uninstalled Eng. Wt, 5460 £059 71381 2476, 7 1 2748,41 3257,3 |
Thrust/Weight, Uninst. 45,8 41,3 34,8 440 405 341
Inlet Weight 2765 3160 4582 1254.2 1 1433.4] 2078,
Installed Eng. WL, 8225 9219 11673 1730.9 | 4181 71 €204 0
Thrust/ NVeight, Inst. 30, 4 27,1 21, 203 266 200 |
Heavyweight Estimate | |
Uninstalled Eng. Wt. 6552 7271 8617 2971, 9 3208.11 3908.7
Thrust/Weight, Uninst, 38,2 34,4 29,0 375 337 2384
Inlet Weight 11074 12656 17788 5023,2 5740.8{ 3008.0
Installed Eng. Wt. 17626 19927 26405 7995,2 9038,9111977,3
Thrust/Weight, Inst. 14,2 12.5 9.5 139 123 93
Engine Flow Areas and Equivalent
Diameters Engine Lengths
f2 ft m? m ft m
Inlet Cowl, Ac 29.1 | 10.03 2 35 3. 06 Uninstalled 15.8 1,82
Mixer, A, 69.0 | 9.37 | e.a1 | 2.86 Inlet (Typ) 37,1 f| 11,31
Combustor, A4y | 69,0 9, 37 6, 41 2.86 Installed (Typ)| 52,9 16,13
Exit, Ab 110.0 ] 11.83 ] 10.22 3.61

REMARKS, REFERENCES

Basic, or simple air augmented rocket. No secondary fuel, but rocket
permitted to nave variable O/F ratio as a mechanism %o add fuel <or
combustion down to fuel-rich O/F = 4.0 (@ = 2.0). Pressure fisld
oenefits included on toth S-1 and 5-2. Inlet closed (rocket operatisn)

during otherwise negative subsonic augmentation phase. (References 17, 13, 13)
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ENG. NO._2-1

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES

6000

4000

2000

Vehicle Flow Field Effect
Included (See Fig. 6)
1000 '

800

600

b

_ / — ﬁ.' AR S e N
D P Y. SRS RPUIE B . .".:%"‘_ PR DS DU I SR
ot s fonad Pl R i w1 S B

400 |—

R PR
:'\:,l?: ] A
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i Rocket Operation S Gt
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NET JET THRUST, 1000 newtons

4000

3000

2000
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NET JET THRUST, 1000 Ibf
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URF IRATION

ENG. NO. 5"

THRUST
REFERENCE TRAJECTORIES

aues
s

== Venicle Flow Field Effect o=t
T ’[ = Included (See Fig, 6)

=

== ==
t c;
il Xlnlet Closed =
: [Rocket Operation) , :
0 2.0 4.0 6.0 8.0
FLIGHT VELOCITY, 1000 ft/sec
; ]
0 65 1.0 L5 3.0 2.5

FLIGHT VELOCITY, 1000 m/sec
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LURMOIRATION
ENG. NO. 271
CAPTURE AREA
REFERENCE TRAJECTORIES
20r 1 1
200 X
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CURP WATON

e 4 % b
%rguardl‘

ENG. NO._o1

AIRFLOW
REFERENCE TRAJECTORIES

4000
8000 =
3006 — ; 5 Vehicle Flow Field Effect 1 !
o == Included (See Fig. 6) ==
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g g :
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- 2000F = =
& S 4000
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—— R RATION
ENGINE PHYSICAL CHARACTERISTICS Eng. No._5-2
Thrust, sls L 250,000 Ibf i 1,112,055 newton |
Weight and Thrust/Weight Ratio
Measuring Units (Engiish) (Internaticnal)
Weight {bm kg
Thrust/Weight Ibf/1bm newton/kg
Lightweight Estimate (Ibf/inz) Maximum Engire l-termal Pressure 1000 (rewtor/m<)
Subsystems: 50 -1 100 250 344.7 689,5 {1723.7 |
Fan
Heat Exchanger
Primary Rocket | 2664 | 2664 26064 1208.4 | 1208.4) 1208,
Mlxer/lefusef 1738 2528 3476 788, 4 1145, 7} 1570, 7
Combustor/ Exit 3476 | 3950 5372 1576,7 | 1701,7] 242, °
(Contingency 789 914 115] 357,91 4ld,e) 32200
Uninstalled Eng. Wt. 8667 10056 12663 3931, 4 1361, 4) 5743, |
ThrusUWeight, Uninst. 28,8 24,9 19,7 283 244 133
Inlet Weight 6370 7280 10556 sgea 4 | 3302.21 4738.2
Installed Eng. Wt. 15037 _|17336 23219 6820.8 | 7863,6]10532,1
Thrust/ Weight, Inst. 16, 6 14, 4 10 162 147 106
Heavyweight Estimate
Uninstalled Eng. Wt. 2534 111062 13929 4324, 6 3017.73 2313, 2
ThruszVeight' Uninst. 26,2 22,6 17.2 257 222 176
Inlet Weight 25494 129136 40973 11564,1 | 13216,1418585.4
Installed Eng. Wt. 35028 140198 54902 15888,7 | 18233.81]24903,¢6
Thrust/W=ight, Inst. 7,1 6,2 4,6 70 61 43
Engine Flow Areas and Equivalent
Diameters Engine Lengths
f2 ft m? m ft m
Inlet Cowl, A1 1821 | 15,23 16,921 .64 Uninstalled 18.7 5,70
Mixer, A3 158, 3 14,20 14 71 4 313 Inlet (TYP) 45,0 13.72
Exit, A 252,5 | 17,93 23,46] 5,47

REMARKS, REFERENCES
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ORMMATHON

SPECIFIC IMPULSE, Ibf/lbm/sec
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ENG. NO._3-2

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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| Vehicle Flow Field Effect .| .| ...{-.-{- L] 4=
| Included (See Fig. 6) Lol ‘ :
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NET JET THRUST, 1000 newtons

CORPORATION
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NET JET THRUST, 1000 Ibf
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REFERENCE TRAJECTORIES
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ENG. NO.

5-2
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E Vehicle Flow Field Effect :

E Included (See Fig, 6) TR =t
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LURMORATION
ENG. NO. 572

CAPTURE AREA
REFERENCE TRAJECTORIES
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CORPORATION

ENG. NO._5-2

AIRFLOW
REFERENCE TRAJECTORIES
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Vehicle Flow Field Effect : :
Included (See Fig. 6) : -
0 L O T : T b T i T +
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ENGINE FACT SHEET
Class 0 Composite Launch Vehicle Engines

Engine ldentification Number: 6 Basic Alr Augmented Rocket - Ramjet

Engine Operating Modes

Summary: Number of Modes/ Transitions _5 ; Number of Discrete Modes Utilized _3
Mode Progression - Lift-off to Touch-down

(Take off) Air augmented rocket, simultaneous mixing and burning cycle
(2000-3000 ft/sec) Ramjet, subsonic combustion (6000-8000 f£t/sec) Rocket
(Orbital speed, space maneuvering and deorbiting) Ramjet, subsonic combustion
(Flyback) Air augmented rocket, simultaneous mixing and burning cycle (Landing)

Engine Propellant Requirements
Code: (R) = Required, (V) = Required for vacuum operation, (F) = Useable for flyback mode

[ Hydrogen, liquid, 37-40°R ° &l Oxygen, liquid,162°R
O Hydrogen, liquid, subcooled (25 R) [ Oxygen, liquid, subcooled
[0 Hydrogen, gaseous o [ oxygen, gaseous

O other

Engine Constituent Subsystems

Inlet, rocket, mixer-combustor, exit

Engine General Arrangement and Operating Schematic

.~ INLET aT- MIXER/COMBUSTOR—«‘*EXIT—-
/

Q2Q -

N\ Pl
-

\.
TURBOPUMP ASSEMBLY

PRIMARY THRUST

CHAMBER AND FUEL

INJECTOR ASSEMBLY -~~~
0
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LURMORATION
Eng. No. ¢

Engine Internal Operating Parameters, nominal

P__pgT = 1000 psia, O/F =17,94

(Initial Operation is Inlet-Closed All Rocket During
Otherwise Negative Augmentation Phase for 6-1 only)

Ws/wp (1000 ft/sec, B trajectory) = 1,75, (Ws/Wp = 2,42 SLS)
.f5x4/A3 =1,00

Engine Operating Mode Block Diagrams
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o LI
(;’L
A et X
—)—-—|—|}R:-Mc—<--5—)——
H ~
> ""'}l— R IR
Lol R Bp=~!MC., | E 7
0 ———d | S o




Report 25,194

Volume 4
Page 134

- . arqua,df vAN NUYS CALIFOEMIA

(Y IR WATION

Eng. No.

ENGINE PHYSICAL CHARACTERISTICS

6-1

Thrust, sls L 250,000 Ibf i 1,112,055 newton |
Weight and Thrust/Weight Ratio
Measuring Units (English) (International)
Weight Ibm kg
Thrust/Weight |bf/1bm newton/kg
Lightweight Estimate (Ibf/in2) Maximum Engire Ivternal Pressure 1000 (rewtor/m<)
Subsystems: 50 Q 250 344,7 9.5 11723,7 |
Fan
Heat Exchanger
Primary Rocket 2720 2720 2720 1233,.8 | 1233.,8} 1233,
Mixer/Diffuser 748 1088 1496 339,3 403, 5 678,72
Combustor/Exit 1496 1706 2312 678, 6 773.8) 1048, 7]
Contingency 496 551 653 225.0 2499 >ap 2
Uninstalled Eng. Wt. 5460 | 6059 7181 2476.7 | 2748.4] 3257 =
Thrust/VYeight, Uninst. 45,8 41.3 34 8 449 108 341
Inlet Weight ‘ 2765 3160 4582 12542 1433 41 2078 4
Installed Eng. Wt. 8225 | 9219 11673 3730,9 § 4181,7) 320%,9
Thrust/ Weight, Inst. 30, 4 27 1 21,31 >aR > 6 b >nQ
Heavyweight Estimate ‘
Uninstalled Eng. Wt. 6552 7271 8617 2971.9 3208, 1 1008, 7
Thrust/Weight, Uninst. 38.¢ 34,4 29, 375 337 28
Inlet Weight 11074 112656 7788 5023,2 | 5740,8| 8008.0
Installed Eng. Wt. 17626 119927 26405 2995,2 | 9038,9) 11977,3
Thrust/Weight, Inst. 14,2 12,5 a_sa 1309 1213 Q3
Engine Flow Areas and Equivalent
Diameters Engine Lengths
2 ft mé m ft m
Inlet Cowly A 79,1 | 10,03 235 3.06 Uninstalled 15.8 4,82
Mixer, A3 69,0 9,37 6. 4l > 26 inlet (Typ) 371 11,231
Combustor, Ay | 69.0 | 9,37 6.41 | 2.86 Installed (Typ{_52,9 16,13
Exit, Ay 110.0 | 11,83 10,22 4 3.61

REMARKS, REFERENCES

Basic air augmented rocket with secondary fuel and ramjet capability.

(9 = 1.0).

negative subsonic

(References 17, 21)

Tnlet closed (rocket operation) 6-1 only during otherwise
augmentation phase.
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ENG. No._6-1

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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LURMORATION

ENG. NO.__6=1

THRUST
REFERENCE TRAJECTORIES

1000
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CURFORATION

ENG. NO.

CAPTURE AREA
REFERENCE TRAJECTORIES
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CURMURATION

ENG. NO._ 671

AIRFLOW
REFERENCE TRAJECTORIES
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ENGINE PHYSICAL CHARACTERISTICS Eng. No._6=2
Thrust, sis L 250,000 Ibf 11 1,112,055 newton |
Weight and Thrust/Weight Ratio
Measuring Units (English) (International)
Weight tbm kg
Thrust/Weight |bf/Ibm newton/kg
Lightweight Estimate (1bf/in2) Maximum Engire I ternal Pressure 1000 (r.ewton/mz)
Subsystems: 50 100 250 344.7 89,5 |1723.7
Fan
Heat Exchanger
Primary Rocket | 3064 | oo 3004 lool.ol lool.] 1eol.9
Mmer/Duffuse:_' 1738 2528 3476 788,4 1146, 7] 1576.7
Comtfustor/EXlt 3476 3930 5372 1576,7 1 1721, 74 2436, 7
Contingency 739 214 1151 357,9 1110l 522,1
Uninstalled Eng. Wt, 9667 | 11056 13563 4384,.9 20135,0] 6197,5
Thrust/Weight, Uninst. 25,9 22.6 18,3 254 222 180
Inlet Weight 6370 7280 10556 2889.4 | 3302.2] 1788.2
Installed Eng. Wt. 16037 |18336 | 24219 7274.4) R317.2{10988.7
- Thrust/ Neight, inst. 13,6 13,6 10,2 133 133 101
Heavyweight Estimate
Uninstalled Eng. Wt, 10634 112162 15029 1823, 6 5310.6) 6817.2
Thrust/Weight, Uninst. 23.5 20.6 14.4 231 20n 1R3
Inlet Weight 25494 129136 40973 11564.1f 13210,1]18585,4
Installed Eng. Wi. 36128 | 41298 56002 16387.7 ) 18732,8125402.5
Thrust/W=aight, Inst. 6,9 6,1 4,5 68 50 44
Engine Flow Areas and Equivalent
Diameters Engine Lengths
2 ft m? m ft m
Inlet Cowl, ALl 41521 | 15,23 16,92 4.6 Uninstalled 18. 7 5. 70
Mixer, Ag 158.3 | 14.20 1a 71} 4.3 Inlet (Typ) 45.0 13,72
Combustor, Ay | 158,3 | 14,20 |} 14,71 ] 4.33 Installed (Typ)]_63,7 || 19,42
Exit, Ay 252,5 | 17,03 | 23,461 5,47

REMARKS, REFERENCES
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XIRP AT -
ENG. NO._©-2

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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ENGINE FACT SHEET
Class 0 Composite Launch Vehicle Engines

Engine ldentification Number:
Engine Operating Modes

Summary: Number of Modes/ Transitions _¢ ; Number of Discrete Modes Utilized L
Mode Progression - Lift-off to Touch h-down

(Take off) Air augmented rocket, simultaneous mixng and burning cycle
(2000-3000 ft/sec) Ramjet, subsonic combustion (6000-8000 ft/sec) Rocket
(Orbital speed, space maneuvering and deorbiting) Ramjet, subsonic combustion
(Flyback) Air augmented rocket, simultaneous mixing and burning cycle (Landing)

7 Basic Air Augmented Rocket~ Convertible Ramjet

Engine Propellant Requirements

Code: (R) = Required, (V) = Reauired for vacuum operation, (F) = Useable for flyback mode

[ Hydrogen, liquid, 37-40 'R [&] Oxygen, liquid,162°R
OJ Hydrogen, liquid, subcooled (25 “R) [J Oxygen, liquid, subcooled
[ Hydrogen, gaseous [J Oxygen, gaseous

[ Other
Engine Constituent Subsystems

Inlet, rocket, mixer-combustor, exit

Engine General Arrangement and Operating Schematic

e—————INLET MIXER/COMBUSTOR EXIT—

PRIMARY THRUST
CHAMBER AND FUEL
INJECTOR ASSEMBLY .~~~

TURBOPUMP ASSEMBLY
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CURMURATION
Eng. No. 7

Engine Internal Operating Parameters, nominal

P, RKT = 1000 psia, O/F = 7.94

(Initial Operation is Inlet-Closed All Rocket During
Otherwise Negative Augmentation Phase for 7-1 only)

W /W_ (1000 ft/sec, B trajectory) = 1.75, (W /W = 2,42 SLS)
Ay/Ay=1,00, A /A, =1.15

Engine Operating Mode Block Diagrams
H

@ | l.— .
A B=] MC = E
I ﬂ R = MC E

MC=~ E P—

© r— L X
1 | | R_:_J- MCH— E P
H
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T

——————

Eng. No.

The following information for Engine No, 7
appears in the fact sheets previously given
for Engine No. 6.

Engine Physical Characteristics
Weight, Thrust/Weight, Flow Areas, Lengths

Engine Performance: 0-8000 ft/sec
Specific Impulse, Thrust, Airflow, Capture Area

References and additional remarks
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CORFURATION

ENGINE FACT SHEET
Class 0 Composite Launch Vehicle Engines

Engine ldentification Number: 8 Basic Air Augmented Rocket- SCRAMJET

Engine Operating Modes
Summary: Number of Modes/ Transitions s ; Number of Discrete Modes Utilized
Mode Progression - Lift-off to Touch-down

(Take off) Air augmented rocket, simultaneous mixing and burning cycle
(2000-3000 f+/sec) Ramjet, supersonic combusticn (10,000-1k,000 ft/sec)
Rocket (Orbital speed, space maneuvering and deorbiting) Ramjet, supersonic
combustion (Flyback) Air augmented rocket, simultaneous mixing and burning
cycle (Landing)

Engine Propellant Reguirements
Code: (R) = Required, (V) = Required for vacuum operation, (F) = Useable for flvback mcde

Hydrogen, liquid, 37-40 R , [d Oxygen, liquid,162°R

[ Hydrogen, liquid, subcooled (25 "R) [ Oxygen, liquid, subcocled
[(J Hydrogen, gaseous , [ Oxygen, gaseous

O Other

Engine Constituent Subsystems

Inlet, rocket, mixer-combustor, exit

Engine General Arrangement and Operating Schematic
l@e———INLET MIXER/COMBUS TOR/EXIT —————=

PRIMARY THRUST
\/ﬁ‘/CHAMBER AND FUEL

INJECTOR ASSEMBLY

TURBOPUMP ASSEMBLY
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COURMOKATINN

Eng. No. 8

Engine Internal Operating Parameters, nominal

Pc -RKT = 1000 psia, O/F =7.94-4,0

(Initial Operation is Inlet-Closed All Rocket During
Otherwise Negative Augmentation Phase for 8-1 only)

WS/Wp (1000 ft/sec, B trajectory) =1,75, (WS/Wp = 4,67 SLS)
A4/A3 =1,00, AC/A3 =1,15

Engine Operating Mode Block Diagrams

o A X
ol d l R el MCH+ E P—=
0 = [~
H
® -1 | .
V. W R | MC b E b—2tm
® H - | r= =" -o————1
e IV B R FuE
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SHRICRATION

’

Eng. No. 8

The following information for Engine No. 8
appears in the fact sheets previously given
for Engine No. 5.

Engine Physical Characteristics

Weight, Thrust/Weight, Flow Areas, Lengths
Engine Performance: 0-8000 ft/sec

Specific Impulse, Thrust, Airflow, Capture Area

References and additional remarks
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1AM RATION
ENG. NO._3-*

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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1000 newtons

NET JET THRUST,

CORFURATNN
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NET JET THRUST, 1000 Ibf
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THRUST
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- 14 e - - yl - - - e
-ttt * ) IoN S PEa e m T T —
-’ + t ; T T T

T T 1 I . e T = T
pu ) ' e e T
T T T T
Tt e " T
t 1 NSO Sous 1
s n 1 T 1 e e e
I e 1
T ? yo- 1 T "
T T ) ; T T T
T T e 14 z I I
) - i - It > P
o - - o
T ’e : : T T T
% - e . 3
T T 1 m T T yno
T 3 It " n
< -
T
ve T T T T e T T T T
T T ) S SRR EO! 1 1 z
s - e - —- > <
g - - > - i e
+ ’m T T
* + T ) b T 17 =
t L T T T
e e : ne - -
-
t
b - e b —
T + yona
IoENESaa 1 T " 1 1 I
e e e e ’n ran et
yo I )e T T b e T
A T T 1 -
: y Ioan
" t e s ) T
s t
e - e -
T T 1 T
. e b - - et
T T 1= S : T T T
+ T e B A -
e - ¢ - - i e
" 1 T - ) I T
1 1 b = : t T 1
. I +
t e 1 Y
e 'y T - 1 re
18 B : 7 1 T "
I - " - 1 - e -
1 ' "
T 1 Z T T
T 8 8 B T T = ’E D D " - 1 T
t 1 i " " T re
1 1 1 T T
oe e :
y *
e Hel . ) )N -
T T : T T < e s
It t T Tt 3 1
) - " 1 z
T T Y Yaees
T ; 11T ) ) yue S 1 s
- < - i -
+ 1 yma T Tt T
+ re "
T ? T
1 e re '
)
b t 1 )8
-
T -
e - - 4 -
- - -
T T 198 0 T 1
e T t
e It i -
o T - -
T T I =
b - - - i
- -
+ e e + :
e 5 i 38 A
T T ot L e IT :
e §‘ e - 1 -
- ot - - H
- v 1 ’e e »e
1 1 " P ’ o e
- - ' - - A Lt
+ + v
- L et )
s T bt
e = ' T 1 o 1 T
- + " - b - - L 'Y I e
1 - + 1T T T T 1
& 3t ve x e e s aw

8.0 9.0 10.0 11.0 12.0
FLIGHT VELOCITY, 1000 ft/sec

L 1 1 L | | L J

2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8

FLIGHT VELOCITY, 1000 m/sec



Report 25,194
Volume 4

—_ﬁ uaﬂf VAN MUTS, CALIFOBNIA Page 164

1Y RATHN

ENG. NO._B8-%

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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LURFURATNN

ENG. NO._8-2

THRUST
REFERENCE TRAJECTORIES
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CORPORATION

ENGINE FACT SHEET
Class 0 Composite Launch Vehicle Engines

Engine ldentification Number: 9 Ejector Ramjet
Engine Operating Modes

Summary: Number of Modes/ Transitions 5 ; Number of Discrete Modes Utilized 3
Mode Progression - Lift-off to Touch-down

(Take off) Air augmented rocket, afterburning cycle (2000-3000 ft/sec) Ramjet,
subsonic combustion (6000-3000 f£t/sec) Rocket {Orbital speed, space maneuvering
and deorbiting) Ramjet, subsonic combustion (Flyback) Air augmented rockst,
afterburning cycle (Landing)

tngine Propellant Requirements
Code: (R) = Required, (V) = Required for vacuum operation, (F) = Useable for flyback mode

EJ Hydrogen, liquid, 37-40 'R EJ Oxygen, liquid,162°R

[ Hydrogen, liquid, subcooled (25 "R} [J Oxygen, liquid, subcooled
[ Hydrogen, gaseous _ [ oxygen, gaseous

[J Other

Engine Constituent Subsystems

Tnlet, rocket, mixer-diffuser, combuster, exit

Engine General Arrangement and Operating Schematic

COMBUSTOR
|NLET MIXER/DIFFUSER T EXIT —

KPRIMARY THRUST
CHAMBER ASSEMBLY

FUEL INJECTOR

\[F,‘/ ASSEMBLY

ST

Fr o TURBOPUMP ASSEMBLY
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Eng. No. ¢
Engine Internal Operating Parameters, nominal
P__prgT = 1000 psia, O/F = 7,94
Ws/Wp (SLS) = 1,50 (3. 00), A4/A3 = 1,59 (2.00)
Engine Operating Mode Block Diagrams
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LRI RATION

ENGINE PHYSICAL CHARACTERISTICS

Eng. No._2-1

Thrust, sls [ 250,000 Ibf [ 1,112,055 newton |
Weight and Thrust/Weight Ratio
Measuring Units (English) (International)
Weight Ibm kg
Thrust/Weight Ibf/1bm newton/kg
Lightweight Estimate (Ibf/in) Maximum Engire literral Pressure 1000 (rewtor/m<)
Subsystems: 20 100 _250 1 344,7 689,5 11723,7 |
Fan
Heat Exchanger
Primary Rocket | 2410 2410 2410 1093.,2 | 1093,2} 1093,2
Mixer/Diffuser | 1333 1305 2064 604, 6 082,7 936,2
Combustor/Exit 1518 | 1725 2346 £88,6 782,51 10641
Contingency 326 364 682 238.0 1 255.8] 309,43
Uninstalled Eng. Wt. 5787 6204 7502 2625,0 | 2814, 1) 3402.¢
Thrust/Weight, Uninst. 43,2 40,3 33,3 424 395 327
Inlet Weight 2765 3160 4582 1254.2 | 1433.4] 2078.4
Instailed Eng. Wt. 8552 | 9364 | 12084 3879.2 | 4247.5] 54813
Thrust/Weight, Inst. 59 > 56, 7 >0 = 5ah > 62 502
Heavyweight Estimate
Uninstalled Eng. Wt. 0941 1442 G002 3149, 8 3377.11 4083, 2
Thrust/Weight, Uninst. 36.0 33.6 27.8 353 3390 273
Inlet Weight 11074 112656 17798 5023,2 5740, 8 8073.2
Installed Eng. Wt. 18018 {20101 26800 8173.0 9117,8] 12156,5
Thrust/Weight, Inst. 13,9 12,4 9, 3 136 122 91
Engine Flow Areas and Equivalent
Diameters Engine Lengths
ft2 ft m2 ft m
Ir”et COWI, AC 79'1 10003 7.35 3L06 UninSta“ed 19.2 5. 85
Mixer, Ay 43,2 | 7.42 4,01 | 2,26 Inlet (Typ) 37.0 128
Combustor, A4 69.0 | 9.37 6.41 | 2.86 Installed (Typ)|_s6,2 17,13
Exit, A, 110,0 | 11,83 10,22 | 3,61

REMARKS, REFERENCES

Ejector Ramjet (ERJ) cycle.

(References 5, 11, 20, 21)




Report 25 194

% Volume 4
ar ua,df VAN NUYS. CALIFORNIA Page 169
. [}

AN RATH W
ENG. NO._ 91

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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CORPOIRATION

ENG. NO._2-1

THRUST
REFERENCE TRAJECTORIES
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CURMOKATION

ENG. No._271

CAPTURE AREA
REFERENCE TRAJECTORIES
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CURPORATION

ENG. NO._2"1

AIRFLOW
REFERENCE TRAJECTORIES
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CORMRATION
ENGINE PHYSICAL CHARACTERISTICS Eng. NO._a-2
Thrust, sis | 250,000 Ibf 1{ 1,112,055 newton |
Weight and Thrust/Weight Ratio
Measuring Units (Engllsh) (International)
Weight Ibm kg
Thrust/Weight {bf/Ibm newton/kg
Lightweight Estimate (Ibf/in2) Maximum Engine I terral Pressure 1000 (rewtor/m<)
Subsystems: 50 100 250 344,7 16895 117237 |
Fan
Heat Exchanger
Primary Rocket 2255 | 2255 2255 1022,9 | 1022.9) 1022,0
M;xer/anfuse:: 2402 2730 3744 1089,5 1238,3 1698.3
Compustor/Exnt 3476 3950 5372 1576.7 1791.7 2436, 7
_Contmgency 813 894 1137 368, 8 405, 5 515, 7
Uninstalled Eng. Wt 8946 9829 12508 4057.9 | 1458.4] 35673,%
Thrust/Weight, Uninst. 27.9 25.4 20.0 274 249 194
Inlet Weight 6370 7280 10556 2889.4 | 3302.2% 4788,2
Installed Eng. Wt. 15316 17109 | 23064 |} 6947.3 | 7760.6] 10461.2
Thrust/ Weight, Inst. 16,3 14,6 10,811 160 143 106
Heavyweight Estimate
Uninstalled Eng. Wt. 9841 10812 13759 24463.9 | 490431 62at1.1}
Thrust/Weight, Uninst, 25.4 23.1 18.2 249 227 179
Inlet Weight 25494 129136 40973 11564,1 | 13216,1} 18585.4
Installed Eng, Wt. 35335 139948 54732 16027.9 ] 18120,4] 24826, 4
Thrust/Weight, Inst. 7.1 6.3 4.6 70 62 45
Engine Flow Areas and Equivalent
Diameters Engine Lengths
ft2 it m2 m ft m
Inlet Cowl, Ac 182.1 | 15.23 16 0> | 4 4 Uninstailed 23,7 7 22
Mixer, Ay 8.1 9.97 2 561 3 04 Inlet (Typ) 45,0 13.72
Combustor, Ay | 153,53 | 14,20 14 71 | 4,33 Installed (Typ)| 68.7 20,94
Exit, A, 252,5 | 17.93 23,46 | 5,47

REMARKS, REFERENCES
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URH MATION -

ENG. NO._%-2

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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URPORATION

ENG. NO._9-2

THRUST
REFERENCE TRAJECTORIES
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CURPURATION
ENG. NO. 272
CAPTURE AREA
REFERENCE TRAJECTORIES
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LURMMATION

ENG. NO._9-2

AIRFLOW
REFERENCE TRAJECTORIES
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1 ORPORATION

ENGINE FACT SHEET
Class 0 Composite Launch Vehicle Engines

Engine ldentification Number: 10 Ejector SCRAMJET
Engine Operating Modes

Summary: Number of Modes/ Transitions © ; Number of Discrete Modes Utilized *
Mode Progression - Lift-off to Touch-down

(Tag- of7 Air nugment=d rocket, afterburning cycie (200C-3000 ft/sec) Ramjet,
sutsonis sombusticn (£00D-3000 f£4/sec) Ramjet, supersonic combustion {(10,000-
1k ,070 ft/s=c) Rockat (“rbitnl gpeed, space mansuvering =nd decrtiting) Ramjet,
subsonie sombustion (Tlyback) Alr augmented rocket, afterburning cycle fTanding)

Engine Propellant Requirements A
Code: (R) = Required, (V) = Required for vacuum operation, (F) = Useable for flyback mode

[] Hydrogen, liquid, 37-40°R = '[E] Oxygen, liquid;162°R

[J Hydrogen, liquid, subcooled (25 R) (] Oxygen, liquid, subcooled
[ Hydrogen, gaseous , [J Oxygen, gaseous

] Other

Engine Constituent Subsystems
‘n.ov, r.rket, mixer-aiffuser, combustor, =xit

Engine General Arrangement and Operating Schematic

COMBUSTOR
————INLET—TMIXER/DIFFUSERT T EXIT —
/
@ < -
oo N_~

PRIMARY THRUST

h CHAMBER ASSEMBLY
FUEL INJECTOR
[T " ASSEMBLY
PN
-4 e ~N
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CORMURATINN

Engine Internal Operating Parameters, nominal

P__ gk = 1000 psia, O/F = 7.94
W /W_ (SLS) = 1.50 (3.00), A,/A; = 1.59 (2.00)
A_lA; =1.83(2.33)

Engine 'Operating Mode Block Diagrams

Eng. No. 1°

H
o L N .
B ] R M ¢ B BT
o T
o 1
it T i I P X
‘Pi)"l—]}RE iMD:—"C e~ [
H
©)
m— X
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LORITRATINN

Eng. No. =2

The following information for Engine No. 10
appears in the fact sheets previously given
for Engine No. 9.

Engine Physical Characteristics

Weight, Thrust/Weight, Flow Areas, Lengths
Engine Performance: 0-8000 ft/sec

Specific Impulse, Thrust, Airflow, Capture Area

References and additional remarks
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(YR WATHON

ENG. NO.20-1

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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2000

1000
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ENG. NO. 07T
THRUST
REFERENCE TRAJECTORIES
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ENG. NO._10-2

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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SPECIFIC IMPULSE, [bf/lbm/sec
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1000 newtons

NET JET THRUST,
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ENG. NO. 1272
THRUST
REFERENCE TRAJECTORIES
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CORMOKATION

THF

ENGINE FACT SHEET
Class 0 Composite Launch Vehicle Engines

Engine ldentification Number: 11 Supercharged Ejector Ramjet
Engine Operating Modes

Summary: Number of Modes/ Transitions s ; Number of Discrete Modes Utilized .
Mode Progression - Lift-off to Touch-down

{Ta
ra

¢ off) Superchargad air augmented rocket, ufterturning cyel )OOO -3000 f+/sec)
Famj~t, sutsonic combustion (6000-3000 ft/sez) Rocket (Orbitul speod, space
maneuvering and deorbiting) Ramjet, subsonic combustion (Flyback) Tucted fan
(Flytack =nd landing)

Engine Propellant Requirements
Code: (R) = Required, (V) = Required for vacuum operation, (F) = Useable for flyback mode

EJ Hydrogen, liquid, 37-40 'R 1 Oxygen, liquid,162°R
O Hydrogen, liquid, subcooled (25 "R) [J Oxygen, liquid, subcooled
] Hydrogen, gaseous _ F] Oxygen, gaseous

] Other

Engine Constituent Subsystems

Inlat, Zan, rocket, mixer-diffuser, combustor, exit

Engine General Arrangement and Operating Schematic

FAN COMBUS TOR
e———— INLET MIXER/DIFFUSER EXIT —=

PRIMARY THRUST

CHAMBER ASSEMBLY

FUEL INJECTOR
ASSEMBLY

e,

TURBOPUMP ASSEMBLY
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Eng. No. >
Engine Internal Operating Parameters, nominal
A_/Ag=1.83(2.33)

P._RKT = 1000 psia, O/F = 7.94
Ws/Wp (SLS) =1, 85, A4/A3 =1.85
FAN P,R. =1.3

Engine Operating Mode Block Diagrams

@ H
(—)—l-é-F—__R—>--MD+—-c—<——.E—>—-—
0 1"
H
@
A s B S A G L X
—-)Hl—l';FiiRil—:MD!-é—C-(——E—)—"
[ | [ | |
o
ottt I S e T e T S X
I T T R+—:Moifc§153->—>
0 Loeed  Lld [T L R
@H
A o F-==a petTo Pt X
«—— | = F I R M C = B
L.;_JIL-__J b




Horg

IR MATAN

Ly b
S
Uaﬂf VAM NUYS. CALIPORNIA

Report 25 194

Volume 4
Page 195

ENGINE PHYSICAL CHARACTERISTICS
250,000 Ibf

Thrust, sl

S

Eng. No.

r

I

1,112,055 newton |

Weight and Thrust/Weight Ratio

Measuring Units (Enghsh) (International)
Weight Ibm kg
Thrust/Weight Ibf/1bm newton/kg
Lightweight Estimate (Ibf/in€) Maximum Engire l-terral Pressure 1000 (rewtor /m<)
Subsystems: 50 100 250 344.7 689,5 11723.7
Fan 1850 1850 1850 || _®3.o g833.,2]  833,:2
Heat Exchanger
Primary Rocket 2043 2093 2093 it 4 e
Mixer/ Diffuser 1147 1295 1776 320, 587, 4]  3C3.0
Combustor/Exit 1518 1725 2346 038, ¢ 732,35 100401
Contingency 478 511 ool 213, 4 o3t.a) 2317
Uninstalled Eng. Wt. o084 2474 K R Ll BECED NN
Thrust/Weight, Uninst. 11,1 33,4 28,8 103 328 233
Inlet Weight 2765 3160 1582 1254,2 ) 1433,4] 2078,4
Installed Eng. Wt. ag42 |10634 | 13268 1407,5 ] 4823.6) 6018,
Thrust/ Weight, Inst. 35 4 23 5 18 >’ 19 > 11 13§
Heavyweight Estimate
Uninstalled Eng. Wt. 7309 8967 1u423 311.5 ] 4008, 3] 4747,
Thrust/Weight, Uninst. 34,2 27.9 at, 135 . S -
Inlet Wzight 11074 |12656 17798 5023,2 5740.8| 8073,2 |
Instalied Eng. Wt. 18374 21625 2822 8334, 4 2809,1112801,0
Thrust/W=ight, Inst. 13,6 11.6 8.9 133 114 87
Engine Flow Areas and Equivalent
Diameters Engine Lengths
f2 ft me m ft m
Inlet Cowl, Al 79,1 | 10,03 7.350 3.06 Uninstalled 19,2 3,83
Mixer, A3 37.1 6,87 345 > 09 Inlet (Typ) 37,0 11,28
Combustor, Ay 69.0 9. 137 6.41 | 2.86 Installed (Typ)|__s56,2 17.13
Exit, Ay 110,00 37,83 Jl 10,201 361
REMARKS, REFERENCES
Zuperchazrzed Tjector Ramjet Cycle, alrbreathing gas genersuor zssune f:f Tan
crive Tan stowed for high speed operztion. [References 12, 13, EC, =2,
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SPECIFIC IMPULSE, Ibf/lbm/sec

ENG. NO._11

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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(IRMFOIRITION
ENG. NO._L1
THRUST
REFERENCE TRAJECTORIES
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CORPURATION

ENG. NO. 11

CAPTURE AREA
REFERENCE TRAJECTORIES
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CORMGRATION

ENG. NO. X1

AIRFLOW
REFERENCE TRAJECTORIES
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JURPORATION

ENGINE FACT SHEET
Class 0 Composite Launch Vehicle Engines

Engine ldentification Number: 12 Supercharged Ejector SCRAMJET
Engine Operating Modes

Summary: Number of Modes/ Transitions & ; Number of Discrete Modes Utilized °
Mode Progression - Lift-off to Touch-down

(Take off) Supercharged air augmented rocket, afterburning cycle (2000-3000 ft/sec)
Ramjet, subsonic combustion (6000-8000 ft/sec) Ramjet, supersonic combustion
(10,000-1k,000 ft/sec) Rocket (Orbital speed, space maneuvering and deorbiting)
Ramjet, subsonic combustion (Flyback) Ducted fan (Flyback and landing)

Enaine Propellant Requirements
Code: (R) = Required, (V) = Required for vacuum operation, (F) = Useable for flyback mode

E] Hydrogen, liquid, 37-40 'R . k] Oxygen, liquid,162°R

O Hydrogen, liquid, subcooled (25 R) ] Oxygen, liquid, subcooled
[ Hydrogen, gaseous | Oxygen, gaseous

O] Other

Engine Constituent Subsystems

Inlst, fan, rocket, mixer-diffuser, combustor, exit

Engine General Arrangement and Operating Schematic

FAN COMBUSTOR
a——[NLET MIXER/DIFFUSERT EXIT —»
/
/

[o!
CH) go /Kk \\.//

PRIMARY THRUST

- CHAMBER ASSEMBLY

FUEL INJECTOR
L— ASSEMBLY
=S’ r /7N -
L] ke \
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Eng. No. 12
Engine Internal Operating Parameters, nominal
Pc _RKT = 1000 psia, O/F = 7,94
W /W (SLS)=1.85 A /A, =1.85 A /A;=2.13
FAN P.R, =1.3
Engine Operating Mode Block Diagrams
@ H
A L. L- l.—. , X
= | —é-F—l__ R~ MO C <] E P>
0 =1
H
@
A i N R A L- X
—= | P F L 1R MOHE— C = E [
T L [
® H
A et T st B S L X
Sed 1 41 F Y PR MDE CPE P
[ S | [ S
o f
. R L. T = {" ] X
Lol F R P={iMDi, 1 C @ EPT
0 L-___: L__--J' r N Rue_-_J [ |
@H
A rFe==" Fe== == X
— | = F R MDr—(—|Cr—€—E‘-(-—'>
bocod | Looad Loond




eog UNCLASSIFlE‘D;‘a Report 25 /194
- %rguara’/ Ay

KIS RATIHON

Eng. No. 12

The following information for Engine No, 12
appears in the fact sheets previously given
for Engine No, 11,

Engine Physical Characteristics

Weight, Thrust/Weight, Flow Areas, Lengths
Engine Performance: 0-8000 ft/sec

Specific Impulse, Thrust, Airflow, Capture Area

References and additional remarks
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ENG. NO._12

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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(CURMIRATNW
ENG. NO.
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CURPORKATION

ENGINE FACT SHEET
Class 0 Composite Launch Vehicle Engines

Engine ldentification Number:
Engine Operating Modes

Summary: Number of Modes/ Transitions 4 ; Number of Discrete Modes Utilized _3
Mode Progression - Lift-off to Touch-down

(Take off) Supercharged air augmented rocket, simultaneous mixing and burning
cyele (6000-8000 ft/sec) Rocket (Orbital speed, space maneuvering and deorbvit-
ing) Ducted fan (Flyback and landing)

13 Supercharged Basic Air Augmented Rocket

Engine Propellant Requirements
Code: (R) = Required, (V) = Required for vacuum operation, (F) = Useable for flyback mode
[&] Hydrogen, liquid, 37-40 R ] [8] Oxygen, liquid,162°R
[ Hydrogen, liquid, subcooled (25 "R) [ Oxygen, liquid, subcooled
] Hydrogen, gaseous Oxygen, gaseous

] other
Engine Constituent Subsystems

Inlet, fan, rocket, mixer-combustor, exit

Engine General Arrangement and Operating Schematic

N
1IN LET——“—FE—-I———M IXER/COM BUSTOR——T EXIT—e=
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PRIMARY THRUST
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CORMRATION

.

Eng. No. 23
Engine Internal Operating Parameters, nominal

P_ _RKT = 1000 psia, O/F = 7,937
WS/Wp = 2,70, A4/A3 =1,00
FAN P.R, =1,3

Engine Operating Mode Block Diagrams
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(X IRI MATION

ENGINE PHYSICAL CHARACTERISTICS

Eng. No._1a

Thrust, sls l 250,000 Ibf 1 1,112,055 newton |
Weight and Thrust/Weight Ratio
Measuring Units (English) (International)
Weight [bm kg
Thrust/Weight {bf/Ibm newton/kg
Lightweight Estimate (Ibf/ind) Maximum Engire liternal Pressure 1000 (rewtor/m<)
Subsystems: -1 100 230 (344,71 689,5 11723.7 |
Fan 3450 3450 3450 1564,9 ] 1564,9]  1564,9
Heat Exchanger
Pr'lmary Bocket 2390 2390 2390 108+4,1 1084, 1 1084,
Mlxer/D|ffuse|" 759 1104 1518 344,3 500, 8 688, ¢
Com!;ustor/EXIt 1513 1725 2340 688, 6 782,5] 1064,1
.Contmgency 165 522t 628 210.9 236.8 283, 3
Uninstalled Eng. Wi, 8582 ator | 101za 2892,8 | 4169,0] 4685,2
Thrust/Weight, Uninst. 29,1 27.2 24,2 285 267 237
Inlet Weight 2765 3160 4582 1254,2 1433,44 2078, 4
Installed Eng. WL. 11347 |12351 14911 5146,9 § 5602,4] ©763,¢
Thrust/ Weight, Inst. 22,0 20,2 18. 216 198 145
Heavyweight Estimate
Uninstalled Eng. Wt. 10298 111029 12395 4671.2 1 5002.8] 3622.4
Thrust/Weight, Uninst. 2403 22,7 20,4 238 agd 123
Inlet Weight 11074 12656 17798 5023,2 | 5740.8} 8073.2
Installed Eng. Wt. 21372 23685 30193 9694,3 | 10743,5] 13695,5
Thrust/Weight, Inst. 11,7 10,6 8,3 115 104 31
Engine Flow Areas and Equivalent
Diameters Engine Lengths
Inlet Cowl, A, 79.1 | 10.03 2 2z | 206 Uninstalled 15. 8 1,82
Mixer, Aq 69,0 | 9,37 6.4l ] 2.86 inlet (Typ) 37,1 11,31
Combustor, A, 69,0 | 9.37 6,41 | 2.86 Installed (Typ){ s2.9 16,12
Exit, A, 110,01 11,83 10224 3,61

REMARKS, REFERENCES

Supercharged basic, or si
rocket permitted to have varia

combustion down to fuel rich O/F = 4.0

included.

g = 2.
(References 12, 13, 17, 18, 19, 21)

mple air augmented rocket.

No secondary fuel, out

Pressure field effects

ble O/F retiloc as ? mechanism to add fuel Tor
0).
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ENG. NO._13

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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CORFORATION

ENG. NO._13

THRUST
REFERENCE TRAJECTORIES
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LORPURATION
ENG. NO.
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LURFURATION
ENG. NO.
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CURPOIRATION

ENGINE FACT SHEET
Class 0 Composite Launch Vehicle Engines

Engine ldentification Number: 14 Supercharged Basic Air Augmented Rocket - Ramjet
Engine Operating Modes

Summary: Number of Modes/ Transitions s ; Number of Discrete Modes Utilized _.
Mode Progression - Lift-off to Touch- n-down

(Take off) Supercharged air augmentad rocket, simultaneous mixing and turning
cycle (2000-3000 ft/sec) Ramj=t, subsonic combustion (6000-8000 ft/s=c)
Rocket (Orbital speed, stace mansuvering and deorbiting) Ramjet, subsonic
combustion (Flyback) Ducted fan {Flyback and landing)

Engine Propellant Requirements
Code: (R) = Required, (V) = Required for vacuum operation, (F) = Useable for flyback mode

] Hydrogen, liquid, 37-40 'R [&] Oxygen, liquid,162°R

[ Hydrogen, liquid, subcooled (25 "R} []Oxygen, liquid, subcooled
[J Hydrogen, gaseous | Oxygen, gaseous

[J Other

Engine Constituent Subsystems

Inlet, fan, rocket, mixer-combustor

Engine General Arrangement and Operating Schematic

-————lNLET——at—fﬂ—‘———Mlst/COMBUSTOR—-‘-sxw—-‘

PRIMARY THRUST
2—" CHAMBER AND FUEL
< INJECTOR ASSEMBLY - ~~__
TURBOPUMP ASSEMBLY
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Eng. No. 1%
Engine Internal Operating Parameters, nominal
Pc-RKT = 1000 psia, O/F = 7,937
Ws/Wp= 2,70, A4/A3 =1,00
FAN P,R. =1.3
Engine Operating Mode Block Diagrams
0 H
A L — \X
~<>— | <= F .. R —+_: MCH—» E (>—
0 =
\
ot —
—— | = F‘ ‘ R } — —— ——
e ae e d < = emw ens ane d
®H - - o —— | it |
A T e T o Lx
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CORMRATON
ENGINE PHYSICAL CHARACTERISTICS Eng. No.__1s
Thrust, sls t 250,000 Ibf LR 1,112,055 newton |
Weight and Thrust/Weight Ratio
Measuring Units (English) (International)
Weight Ibm kg
Thrust/Weight {bf/1bm newton/kg
Lightweight Estimate (Ibf/in2) Maximum Engire lrterral Pressure 1000 (rewtor/m<)
Subsystems: 20 100 250 344,7 1689,5 11723.7 |
Fan 3450 3450 34350 |} 1564.7.1 1564.9) 1564.9
Heat Exchanger
Primary Rocket ooy | 2390 2290 108+,1 ] 1084, 1} 1084,1
Mixer/ Diffuser 739 1104 1318 144, 3 500.8} 688.+¢
Combustor/Exit 131y | 1725 AREY .88.5 ) 782.s5] 10641
Contingency 103 522 < e23 210.0 236,80 283.3
Uninstalled Eng. Wt. 8382 a0l 10329 2892,8 1 4169,0] 4685,2
Thrust/Weight, Uninst. 29,1 27.2 >4 > 285 > 7 >3
Inlet Weight 2765 3160 4582 1254.2 1 1433.40 2078.4
Installed Eng. WL. 11347 [12351 14911 5110.9 | 36024 6762,
Thrust/ Weight, Inst. 22,0 20,2 16, 216 198 1653
Heavyweight Estimate
Uninstalled Eng. Wt. 10298 J11029 12395 46712 5002, 8] 83622, 4
Thrust/Weight, Uninst. 24,3 22,7 20,2 238 223 198
Inlet Weight 11074 li26sé 17798 5023,2 5740,8] 8073,2
Installed Eng. Wt. 21372 123685 30193 694.3 110743,513695,3
Thrust/Wa2ight, Inst. 11,7 10,6 8,3 115 104 81
Engine Flow Areas and Equivalent
Diameters Engine Lengths
ft2 ft m? m ft il
Intet Cowl, Al 79,1 | 10,03 7.35 | 3.06 Uninstalled | 15,4 .82
Mixer, A3 69.0 9,37 b, 41 2. 86 Inlet (Typ) 37,1 1.31
Combustor, A, 69 Q 9 37 6 a1 | > g8s Installed (Typ)|_s2,9 16,12
Exit, Ay 110,0 | 11,83 10,22 1 3,61

REMARKS, REFERENCES

Superecharzed basic air augmented rocket with secondary fuel
- z - ~ - - o -
and ramjet capability (¢ = 1.0) (References 12, 13, 13, 15, 21)
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1000

ENG.

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES

NO._14

4 ALL+
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1 ORFORATION
ENG. NO._14
THRUST
REFERENCE TRAJECTORIES
1000 : T ] jans {r ; : T .=
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CORPURATION
ENG. no. 14
REFERENCE TRAJECTORIES
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CURMORATION

ENG. NO._14

AIRFLOW
REFERENCE TRAJECTORIES
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ENGINE FACT SHEET
Class 0 Composite Launch Vehicle Engines

Engine Identification Number: 15 Supercharged Basic Air Augmented

. . Rocket - Convertible Ramjet
Engine Operating Modes

Summary: Number of Modes/ Transitions ¢ ; Number of Discrete Modes Utilized >
Mode Progression - Lift-off to Touch-down

(Take off) Supercharged air augmented rocket, simultaneous mixng and burning
cycle (2000-3000 ft/sec) Ramjet, subsonic combustion (6000-8000 ft/sec) Ramjet
supersonic combustion (10,000-14,000 ft/sec) Rocket (Orbital speed, space
maneuvering and deorbiting) Ramjet, subsonic combustion (Flyback) Tucted fan
(Flytack and landing)

Engine Propellant Requirements
Code: (R) = Required, (V) = Required for vacuum operation, (F) = Useable for flyback mode

Hydrogen, liquid, 37-40°'R ° Oxygen, liquid,162°R

U] Hydrogen, liquid, subcooled (25 "R) [J Oxygen, liquid, subcooled
[] Hydrogen, gaseous _ Oxygen, gaseous
[]Other

Engine Constituent Subsystems

Inlet, fan, rocket, mixer-combustor

Engine General Arrangement and Operating Schematic

e—————INLET T MIXER/COMBUSTOR—TEXIT—-
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INJECTOR ASSEMBLY o~

TURBOPUMP ASSEMBLY
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ORI MATION

Eng. No. 15
Engine Internal Operating Parameters, nominal
PC-RKT = 1000 psia, O/F = 7,937
W /W =2.70, A /A;=1.00, A_/A, =1.15
FAN P.R. =1.,3
Engine Operating Mode Block Diagrams
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CURITIRATION

Eng. No. _*°

The following information for Engine No, 15
appears in the fact sheets previously given
for Engine No, 14.

Engine Physical Characteristics

Weight, Thrust/Weight, Flow Areas, Lengths
Engine Performance: 0-8000 ft/sec

Specific Impulse, Thrust, Airflow, Capture Area

References and additional remarks
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AMMRATN N

ENG. NO._%2

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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CORMORATION

1l
ENG. NO. °

THRUST
REFERENCE TRAJECTORIES
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ENGINE FACT SHEET
Class 0 Composite Launch Vehicle Engines

Engine Identification Number: 16 Supercharged Basic Air Augmented

_ , Rocket- SCRAMJET
Engine Operating Modes

Summary: Number of Modes/ Transitions 5 ; Number of Discrete Modes Utilized .
Mode Progression - Lift-off to Touch-down

‘Taka off) ‘upercharged air augmented rocket, simultaneous mixing and burning
ayela {2900-2000 ft/s=c) Remj=t, supersonic compbustion (10,000-14,000 f+/sec)
Fockst (“rvital spe=d, space maneuvering and deorbiting) Ramjet, supersonic
compustion (Tlyvack' Tuctad fan (Flyback and Landing)

Engine Propellant Requirements
Code: (R) = Regquired, (V) = Required for vacuum operation, (F) = Useable for flyback mode

Hydrogen, liquid, 37-40°R ] Oxygen, liquid,162°R

[ Hydrogen, liquid, subcooled (25 R) [J Oxygen, liquid, subcooled
] Hydrogen, gaseous E] Oxygen, gaseous

O Other ’

Engine Constituent Subsystems

Inlat, fan, rockst, mixer-combustor

Engine General Arrangement and Operating Schematic
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Eng. No. 1¢

Engine Internal Operating Parameters, nominal

Pc -RKT = 1000 psia, O/F = 7,937
WS/Wp =2,70, A4/A3 =1,00, AC/A3 =1,15
FAN P.R. =1.3

Engine Operating Mode Block Diagrams
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ORIV RTINS

Eng. No. 1€

The following information for Engine No. 16
appears in the fact sheets previously given
for Engine No. 13.

Engine Physical Characteristics
Weight, Thrust/Weight, Flow Areas, Lengths

Engine Performance: 0-8000 ft/sec
Specific Impulse, Thrust, Airflow, Capture Area

References and additional remarks
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X RATHON
ENG. NO._16

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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ENG. NO._2€
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REFERENCE TRAJECTORIES
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CORMORATION

NCMENCIATURE

Nomenclature used in this report is given below. The tabulated computer
printout informaticn doces not include subscripting as will be noted by the
repetition of certain parameter symbols. Refer to Figure 12 for engine {low
area station designations including the distinction made between A _and Ao
where a vehicle flow field is involved (where there is no flow field these

are identical).

AB - Afterburner
AL/A3 -  Afterburner/Mixer Diffusion Ratio
A5 - Engine nozzle throat area, ft2
A - Engine nozzle exit area, £te
Ag/As - Exit Nozzle Expansion Area Ratio 7
A6/Ac - Exit to Capture Area Ratio (SCRAMJET)
AHX - Inlet capture area for heat éxchéﬁéer'éir,flow, £te
AO - Inlet capture area for secondary air flow, £t
ACT - Inlet capture area for total air flow, fte
BL - Baseline
Cp> CF - Thrust Coefficient based cn inlet capture area
H2 - Secondary air static enthalpy at mixer entrance, Btu/l:c
HTO -  Ambient Total Enthalpy, Btu/lb
Isps IS - Specific Impulse, lbg/lbp/sec (Net Jet)*
Mo, MO - Local Mach Number
M2 -  Mixer entranceMach number
NS - ‘"Normal Shock™ inlet (Includes Normal Shock losses
plus an assumed 90% diffuser efficiency.)
O/F -  Oxidizer/fuel mass flow ratio
P2 - Secondary air static pressure at mixer entrance, Btu/lb
Pa - Primary chamber pressure, psia
PRy - Fan pressure ratio
PT2, PT2 - Inlet recovered total pressure, psia

Pro/PT0, PT20- Inlet total pressure recovery
~
PTO - Ambient tctal pressure, psia

UNCLASSIFIED
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SPC

T

VE

Vo, VO

WFT

WHX

Wp, WP
Wg/Wp, WSWP
W, WS

LRI RATIO

UNCLASSIFIED Report 25,194

Volume 4

Uafd/ vaw wuTS CALIPOENIA Page 246

Rocket Mode

Reference

Sea Level, Static Conditions

Specific Fuel or propellant consumption, lbm/hr-lbf
Thrust, lbp (Net Jet)”

Exit velocity, ft/sec

local velocity, ft/sec

Total fuel or propellant flow rate, lbpy/sec

Heat exchanger air flow rate, lbp/sec

Primary flow rate, lbp/sec

Secondary/primary flow ratio

Secondary (WS + WHX), lbg/sec

Total air flow

Two dimensional wedge half angle, deg

Combustion efficiency based on enthalpy rise
Characteristic velocity efficiency based on velocity, or thrust

Inlet kinetic energy process efficiency

Mixing Efficiency based on static pressure rise

Nozzle efficiency based on stream thrust
Combustor equivalence ratio

Condenser equivalence ratio

Heat exchanger equivalence ratio

Primary rocket equivelence ratio
Precooler equivalence ratio

Seccndary equivalence ratio

Special Subscripts

FF
Fs

- Flow Field

- Freestream

* Net jet thrust and specific impulse includes air induction inlet
momentum penalty, but does not include external drag such as cowl,
induced, friction, or spillage drag
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